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INTRODUCTION. 


AltliDii'^fh tlH|_ni;iiMifa( lurc of TN'l' /’Ci .sr cah have but a liniitef| interest 
!(tr llic ,i,feneral piihlir, \n( the prohlenis/nvolved in devi^ng methods for its . 
im paraly)!!, togetlvr with lljcir sutjseliuent dej-elopment, [wovide many 
parallels with <(thcr s'lbslances of a similar nature. ,* 


I hii.vAhe\vc,rking out of Ihc' hc.st conditions fdr nitration, the puriheation 
of ihejmished product, the utilisation of wtcsle materi.als, and the handling 
in hulk oi i.arge (juantiti es of organic and inorganic chemicals are common to 
most hranches of chemii'ai industry. 

One* of the. feature.'^ of this manufacturi' which .should prove of general 
interest is the t\pc of jilant ado[)tcd in dealing with the we^k acids [irdfluced 
during the. ))roc,c,ss. another heing the methods devised to iiroduci' waste 
acids as free as jiossihle irom dissolvcfl or suspended organic mtittcr. 

Urder the hfading "llistory of Manufacture" (.Section l.)'havc been 
groujK’d the vtirious jirocesses which have been in ii.sc in (lovernnierii 
Victories during the [tcriod 1015-1018. and a lirief general outliim is given of 
the reasons for their adojitum. bi)r pur|)o.ses of detailcfl description, how¬ 
ever,.it is thought advi.sable to take the case of the largest 'I'NT plant, 
namely, that at li.M. l''actor\, Queen's Terr), which was erected on :m 


e.'ctensive .scale and which embodies the results of a very wide engini-ering 
know’ledsje of chemicar rilant. 

It i.VimjMu.sible in the scope iif this aecount to make more than a passing 
reference to the mass of information resulting from the elaborate anil 


defaih'd investigations carried out throughout the country both in the 
laboratory and un the semi works scale, 'i'he aim has been rather to indicate 
the object in view wln^ti such investigations were initiated, togctln r with the 
lines on which the work w:is carried out, and to emphasi.se the conclusions 
arrived at, showing at the .same time their practical application, if any, *0 the 
pnanHlacturing scale. . 

Apart from a reference to the analyses of the mi.xed nitric and sulphuric 
acids ust-d for nitratiitn purposes, no mentiim is made of the'aetual mi.xing 
process or of the generaFacid cyclp in use. It is intended that this subject 
.shall be dealt with in a..sepawite {uiiyicatinn. which will include' description.s 
of thf- acid-c'ycles required in the pcoduetion of-'I'NT, nitro-cellulo.se, and 
nitro-glyci rine ;.S0,,iiid \vatet liakwces; [ilant and process for mf.xing acids: 
etc. , ‘ ‘ 

• * I • 

In rii(tpFusent weirk the deserif)tion,-of jilatit and f)r(rc.s‘s is made through¬ 
out as full :is possible, but in one or two in.stiviccs informatiorf is withhetd W 


obvious reason jv. 



SECTION 1. 

^ * • 

HISTORY OF MANUFACTURE.' 

T, 

f ^ 

General. — Trinitrotoluene or*'J'niT was not a Service Explosive until 
the comtnc^jcAnent of the war. ll hud been fjed experimentally :vt Wool¬ 
wich, byt was manufactured only in small quantities chiefly as a minor’by- 
product of the dye indii.^lry. The manufacture was carried, ort tinker con¬ 
ditions which gave very [)oor yields of trinitrotoluene and were inconvenient 
for the production on a large scale.- It was therefore pecess'ary to buHd up 
a manufacture practically from first principles, and to ascertain conditions 
which would give the highest jrossible yields of TNT in order that thq avail¬ 
able sifpplics of ttSmene might be utilised to the best advantage*. 'The nitra¬ 
tion of toluene to ifiono- and dinitrotolu^ne offers no difficulties. It is only 
in The conversion of dinitrotoluene to TNT that any difficullics ari.se in the 
manufacture. ^ 

As Ihe e^risting manufacture of TNT was on a diminutive scale and was 
extremely wasteful, it was necc.ssary to devise new conditions on the ba.sis 
of laboratory research. The existing publications on the subject were very 
few in number, and offered practically no guidance to the manufacturer. 
The methods we«e very primitive, and certainly did not represent the be.st 
continental practice in the manufacture. Experience in the production of 
other nitro-eompounds in this country was also of no assistance. To some 
extent the/litroglycerine process w*as taken as a precedent, and the manu¬ 
facturing methods which had proved useful in this connection wgre,tried in 
the preparation of TNT, but on the whole this precedent did neft prov^ very 
helpful.' Thtis, the di.splacemenl process which has been of great value for 
nitroglycerine has not been nearly so successful for the manufacture Of 
TN'T. although it was subsequently adopted for a time at one or two fac¬ 
tories. and de-acidification by means of alkali, which wf)?ks quife .successfully 
in the ca.se of nitroglycerine, is altogether useless in the washing of TNT. as 
the molten TNT is strongly attacked by the alkali. 

, The Research Department at Woolwich undertook to work out the con¬ 
ditions for the jmeparation of TNT without using oleum, which Vas at that 
time extremely^scarce. Some hundreds of nitrations e.stablished the Test 
conditions of nitration, and the conditions thus arrived at were further tested 
in a small exogrunental plant with a capacity/jf almut J ton of TNT. 

• Trinitrotoluene differs from most oi the other compounds w-hich have 

^been dealt with, in tha; there* is only one.fnain method for its preparatirth_ 

viz., the nitration of toluene thr»ugh mono- ar<d dinitrptoluene to trinffrh- 
toluene. .Anv fnethodsEither than tho.se or’direct nitration give .such small 
yields that they do ntit come, info yue.slion. The efficiency of the,preparation 
is ver>»»largclv injiuenced, however, by fhc conditions under which the TNT 
is pade. When the methods described in previous imblications were tried 
they* were Yound th give wsatisfactor^ yields, part of the toluene being 
.ojQdised by the nitric jijid, forming largo quantities of nitrous fmfie.s, The 
conditions for avoiding this, oxidation were,^however, soon learnt, and it 
became po^ible to lay down a scherfte ot nitratron'whicfi converti-jj toluene 
to TNT with cqmparfitivhlyi little wsstc, and'*with a irtinimum of oxidation 

10199 



TRINITROTOLUENE. 


*and formation of nitroirs ^umes. *1 he results yf the Woolwich re.scarches 
are embodied in a s('rie.s of reports on ^Jic;nanufacturc of TNT, and a third 
report on triijilrox)Jen^ followed at a later datf. * I'ht main points in which 
thes<; reports rc-corded an advaijce on pret^ous knowledge were :— 

(i ) 'I'he importance of certaimeomditions of teifiperature during the 
nitration whigh had nof,been prefiously.r^ognised. , 

• (2) The rf>;g;raetion of the residual acids from the trini*ration stage 

l)\^ m«ins of mononitrotoluenl^ (afterwards called “detolnation”), 
(inginall^ ihc .separation of the 'J'NT was*very unsatisfactory, and ^ 
attempts were made to simplify it by extraction with a solvent. It was 
found that mononitrotoluene was an excellent solvent for TNT, and 
v^as at the same time itself partiall) nitrated hi’ the residual nitric acid. 
1'hus, by using the mononitrotoluene first as a solvent for extraction 
and then nitrating it to TN'r„the mechanical handling was simplified, 
and the economy of nitric- acid was improved. . 

(3) .An elaboration of the counter-current system of nitration in such 
,a way as tciiutili.se the aeiis to the best advantage. A cycle gf operations 
was devised which utilised the waste.acids from the trinitration for Uie 
nitration of toluene, which takes place in comparatively weak acids, 
and a saving of acid was thus effected. 

J<esearches on various other points, such as the hs» of catalysts, the 
influence of suljihur dioxide, nitrous acid, etc., on the nitration, did not lead 
to any improvements, and no features ba.sed on the.se experiments were, 
therefore, incorporated into the scheme recommended. tL- rryThods laid 
down atthis time were adopted for the Oldbury factory, and, although .some 
details have* changed, the .scheme of nitration rem.ained almost the same as 
that first proposed, until the continuous process cami- into use. The details 
of the process have of course been the subject of a large amount of re.search 
at the TNT factories. 

The general firiRcijiIes of nitration wore set forth in April, 1015, in a 
metnorandum by the Department of Explosives Supply, which shows the 
position of knowledge arrived at as a result of the researches at Woolwich. 
'rf|,is memo, is reproduced below as a record of the .state of development aj 
that^date, and as an outline of the general principles of.the reactions. * 

“oKNF.UAt I’RINCIPIES OF REACTIONS. 


Chemical reactions., • * 


C,,lb.CH„ -1- HND, -V- 

-► NO,.c„H,cn., + 

H,C 

.Toluepc * Nitric Acid . 

IVkinonitrotoluene 


i 

• (NT or AINT) 


• + UNO:, 

-*■ (!^C\.VC„H*.CH.,^+ 
4)initrotoluene 
(«NT pr DNT) 

11,D 

MonouitrotolueiH' Nitric. Affld 

• 


(NO,,)y.1rjf,,CH:, + UNO:,' - 

(NO,vc„ir,.t:H, + 

H,0 

Dinitrotoluenc • Nitrit'sACid ,* 

• T rinTtrotolucne 
(3 N'I.o* TNT) 
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As water is formed it is necessary add siilphuric acid or oleum as a 
dehydrating agent? and th(* completeness of the^eaclion depenc^ upon the 
ultimate concentratioji of, ttic*aeid»mixture. If too much dilution has 
occurred, the trinitration will Ijc incompletc. 


II. strengft of^ulphuric acid.— | 01 eum is theoretically Better than ordi-^ 
nary strong spiphuric acid^ b^ut the jatter can be used for the prcjiaration, 
still giving® good TNT. 

• • 

IIT. General methods. 

(i) Direct nitration of toluene h TNT in one itage. 

I'his is a very t^rude method of preparation, i^nd its obvious disadvantage 
is that the whole of the water formed in the threi' .stages of the nitration 
accunfiilates and^ilutes the ar;ids. Consecpiently at*the finish of the nilra- 
tiyn, when dehydration is mo.st urgently needed, the acids are diluted with* 
the whole of the water. 'I’his means that a large exce.ss of sulphuric acid 
or oleum must be added to keeji up the conceijtration. Apart from the extra 
exfien.si- of fhe acid, it is evident that in vessels of a given size the (|uant»ty of 
trinitrotoluene will be a smaller fraction of the total charge than if less acid 
were necessary. It also has the disadvantage that an unnecessarily large 
quantity of TNT remains dissolved in the acids. 

• 

{2) Nitration in stages. 


Toluene—Mononitrotoluene- 
'Folucne—Mononitrotoluene- 
Toluene- 


-Dinitrotoluene- 

Dinitrotolucne— 


-Trinitrotoluene (3 st:i 
Trinitrotoluene!/ 
-Trinitrotoluene 


{a) Using fresh acids for each nitration. —'I'his is somewhtit better than 
(1), as the final concentration is higher, but it necessarily uses a largo quantity* 
of acid, and retains nitro-compounds in solution. 

(f>) Using wa.ste acids from tri-stage foi the loiver stages. —The lower 
.stages do not require acids of such high concentration, and it is therefore 
*po.fsibIe to work in this way. This appears the soundest melhociof worlfing., 
as it attains a high concentration at the finish without an undue exjrensiiture 
of acid. It al.st) has the advantage that it forms a convenient method of deal 
ing with the di.ssolvcd nitrobodies, mononitrotolucm’ being a very good sol- 
ticnt for thi' higher nitrotoluenes. so thq; iTf tlie jcids from a higher nitration 
are used for a mononitratioq, the higher'%iitrobodies are carried forwart^into 
the next operation, iifstead of separatinjr out in a .solid form or remaining 
di.ssolved in tbf waste ar id. Similarly the mononitroloi'iiene In solulion can, 
under suitable conjjitions, be,wa.shed out by.a final toluena extraction, leav¬ 
ing the acids alqjo.st f»ee from ifitro-compounds. 

,IV. Isolation ofnnono- and ginitrotoluene. —It has in sryn^ cases been 
the practice to isolate mononitrotohiene anti juirify hy distillatirm, and to 
isolate dinitrotoluene^Tid separa!te out the metanitrotoluenc, etc., by pressing ' 
out the oily matter. Both'of thesjj- mt^hothi tfro accompanied bv loss f)f 
useful mafrrial. and jvoirfd,onIy bcju.stiTiedbinder present conditfons if the 

.10195 
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impurilieb formed such ^ drawbaclp'as to render it difficult to obtmn a tnni- 
trotolucue' of reasonable fjurity. I'his is not- the case; hence it appears 
belter to subject tlje intermediate nitrobodies" t<» further nitration, without 
removing them from the nitration plant. i , 

This opens<ip the point that, as the intermediate nitrobodies are not to be 
isolated, there is no ne(r;ssity to hall al th 5 exact molecular Stages of moiio- 
and dinitrotolucne* If for any other rtason it ia-prcfi:rablc to halt at a mix¬ 
ture of mono- ami dinitrotoluenes represented by i-^ NT, thett can be no 
objectiw to*so»doing. ^ ' , 

* V. ^deal conditions. —If the practical difficulties coii'ld be overcome, the 
best jiroccss would probably be a continuous counter-current sy.stem in which 
toluene passes in at one end and is nitrated gradtixlly up to trinitrotoluene 
by nitration acids travelling in the opposite direction, vii>'— •* 

f 

I'oluene ■ - . INI 

Waste acid ^:- Fresh acid 

The concentration at the finish would then'be al its ma.ximum, and the wa^tc 
acids would be completely depleted of nitrobodies. Manipulative difficul¬ 
ties have so far prevented" the realisation of this, but such a process is quite 

conceivable. _ * 

In practice the process must be divided into a series of steps, which shall 
fulfil the following conditions, but the number of steps must not. however, 
be so great as unduly to increase the amount of handling :— 

(1) To economise acids, partly on account of economy and cost of 
recovering spent aeids, and ptirtly because th(' higher the j)roportion of 
acids the smaller the charge of toluene in an apiiaratiis of given size. 

(2) 'I'o nitrate as highly as possible. The condition for this is that 
the water of retiction in the final pha.se shall bi fairly low. 

(3) To deplete the rc.sidual acids of nitric, acid as far as possible, 
partly to economi.se acids and partly, if possible, to render denitratk--.! 

' of the ncids unnecessary. • ^ ' 

' (4) To deplete the residual acids of dissolved nitrocompounds as 

far as possible, partly to save the nilro c.om[)ounds, and partly because 
the latter are troub'iesomc dijring the concentration j)rrtee.ss. 

' . . * '■ 
VI. Choice of steps. — I'he halting places in the nitration may be iqade 

in'several jilaces, the exact .position of wl^jch jirobafily does not matter a 
great deal so Umg as the main pfinciple.%:ire fulfille^l. Thejollowing con- 
sideration^ may be sugge^ited tis a guide to tho choice of»thc stajjes of nitra- 
tion. * ' ‘ _ 

(i) The final stagey shtnild be mati.’ as short as possible so that the 
water of reaction may be teduce^l to a miniipum, Having thffinal r^>n- 
centratidn high, viz., the tobene should already be fairly highly nitrated 
before entering on the final nitration. *Al the .^anie time, it is necessary 
to obtain as cortipletefs^iparatiqn as9ossibIe of the acids from the nitro¬ 
compounds; this •entails cooling ton modernt^ly k>w temperature (say, 
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30°-35° C.); as it^is more* coiwenient to work with liquids rathci; 
than with solids, it is desisable that the nitfbtolucnc be not* so highly 
nitrated as to solidify on coonnf to this extent. • This points to a mix¬ 
ture corresponding to aljout«i| NT to if NT. * * 

( 5 ) At .the ether end (jf ^e series the waste acids are treated* with 
fresh tolucAc. Conditions for tliis must be rather carefully regulated, • 
otherwjfe^a red-brown RoWoidal Anulsion i» formed; this can be avoided 
by dilution or by the presence of^ certain excess ofinkric acid. 

'I'he objects to be fulfilled in this stage are to exhaust thp acids of their 
nitric acid as completely as possible, and to extracl al^nitro compounds. * 

(a) Extraction 'of. nitro-comfounds. 

• *. 

If the toluene were nitrated up to a ^tage approaching mononitrotoluene , 

the acids would remain saturated with this body, but if toluene is left in 
excess it will extract most of the nitrobody. From this point of view the 
nitration in this stage .sht)ulcl be carried only if short way—say, up to ^ N'l'. 

• . . . • . 

{b) Defleiiou of nitric acid from residml acids. 

Nitric acid is necessarily [irescnt since the preceding nitration requires 
a certain excess. • The b,'dance of nitration on the one hand, and the e.xtrac 
tion of organic matter on the other hand, must be regulated by the dilution. 
'I'hc greater the dilution, the better the extraction of nitro-compounds, but 
the wo’'sc tfie nitration proceeds. On the whole, the acids should be diluted 
iibout ;is littli- a.s is eompiitible with avoiding the formation of the colloidal 
suspension mentioned above. * 

This suggests the phases:— 

Toluene ->■ i NT-► ij NT - y 3 NT 

f 

The question remains, whether the number of steps should be increased 
by .sub dividing any of thc.se. The first .stage is hardly capable of sub 
•division; the final stage could only be sub-divided by departing from condi¬ 
tions suggc.sted above (VI. (1)). As regards the middle phase, if it will nro- 
cecd without sub-division by the u.se of waste acids from tl»‘ final phase, 
tht rr car be no, object in sub-dividing it into morq than one stage. It is 
hardly correct- to speak of the above as a three-stage process, as the first 
sFage is hartily a nitration, but only a toF^ene wa*sh to get out the remains of 
.the nitrobodies. Tt iaessenfially a two-stage process, in which the nitrdtion 
is fairly equally divided^betweeif the two stages? * * 

V^I. buutiOB wiur water oerore separating TNT,.— »lt is dbnvi.?nreni to 
separate the TI^T from the acids in the mohea condition at a fi'mperature 
abqyc ^cP’C.. The Solubility of JNT^in the*.strong waste acjtls ht this tem- 
^perature is very high (30 or 40 per cent, of the TNT may easily ner^ain dis- 
*solved). Hence, if tBe*atids are^undiluted, too much TNT remains in solu¬ 
tion. It is true that this would be dis.solv^d afid*<!arried forward by the lower 
nitrotoluenes, but it is ntvgrtheles^objestiohable • * 
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(1) because it rvjc^pics spate in the nitqitor to no purpose; 

(2) because it, retards the nitration by /iilutjng the dinitrotoluene 
and detlreasin^ its active mass; 

(3) because it is exposed all the \jpic to oxidatipn by the riitric acid. 

« ( 

A fairly small dilution with water tRrows rtuttaost of the Assolved FN 1 
and still leaves lhe»acids strong enough to fulfil their function of effecting 
the lowjr nitration. Hence it appears advisable, before separating the 

TNT, to bring.the total water content to something like, 15 per cent. 

• • 

VI 11 . Addition of nitric acid— If the residual acid from the final stage 
is lu effect the lower nitration, it must have sufficieht nitric acid present for 
this purpose. This rilay be added in three different way^— 

(1) Addition of sufficient nitric acid to the original nitration mixture 
to carry through the subseciucnt nitrations. This might be advisable 

»if using ic3b per cent, nitric acid, as an increase in the cjuilntity of this 

would improve the final nitration. But if only q2 jier cent, nitric adid 

is available, the use of a large cxce.ss of nitric acid at the same time 

introduces .some water, and there are limits to the amount that can be 

added with advantage. Hence, in this ca.se (and paaticularly if oleum 

is not u.sed) it is betti-r not to add the whole of the requi.site nitric acid 

for the introduction of three nitro-groups at the start, otherwise the 

TNT will probably be inferior in quality, and more o.\i{lation will 

occyir,!. 

< 

(2) Addition of nitric a< id after .separating the 'I N T. 

(3) Addition of dilute nitric aeid in.stead of water as a diluent before 
separating the 1 'NT. This has the advantage of using the cheaper 
dilute nitric acifi, and appears on the whole the most rational, though 
method (2) may be reverted to if (3) is objectionable on account of fumes 
during the separation. 

\X. Temperatures of nitration. 

(1) S/tifir: Toluene- —NT. This, being es.sontialiy an extraction, 
will be doiic at a low t^mpcraturp, as near to ordinary Umiperature as pos¬ 
sible. 

I 

(2) S/nj^e: ^ NT- —f 1^ NT. This may bi' carried out at a temperature. 
0/ about 50° C. A temperature‘somewhat above the ordinary a.ssists the 
nitration, but too^high a temperature would readily lead^to o'xiibition. 

(3) 1 5 A' 7 ' —4 3 NT. Tt^s important in this stage to ensure that 

as little oxidation as jinssible takes place.* The temperature coefficient of 
the oxidation i.s much higher than thaj: of ttie nitration, find consequently*the 
oxidation «hould be restrainedtby keeping down the temperature for so^ie 
hours a\ the start. A suitable combinatidn of tehfpbrature is the follow-' 
ing ■— * ^ 

^ hours at 7o°> C.; i hdur rising,to 110® C. f 2 hours at 116° C. 

*^1 - * - 
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X. Scheme of nitration. —The«above considerations lead to the follow¬ 
ing scheme:— 

aj. NT 

Add sulphuric acid (too per cent. 01^6 per cent.) to dissolve. Ada mixeiuicids containing 
about s n^lecules of nitric acid.* Keej; the temperature below 70*^' C. during addition. 
Then maintain for^ hours at 70" C., hea^during i hour to 110° C, and maintain for 1* hours 
at no" C. Cool td S5" C., at the same tiilie adding dilute nttric acid (of say, 1.4 sp. gr.). • 
Separate. 


Cpudo TNT 
V^unove to wash vats. 


I j NT Waste Acid 

Dilute with water until 
there is about 25 per 
cent, of water present. 
Cool to aboig 30" C:., 
add toluene, stir well, 
aHow to settle and 
separate. 


NT, Waste Add 

To concentrator 


Waste Acid 

('ool to <J5" C. Add i 
NT gradually with very 
good stirring, keeping 
temperature below 50" 
C. Maintain for some 
time (say half an hour) 
at so" C. Allow to settle 
and separate. 



8 


TRINITROTOLUENE. 


Phase I (Toluene —NT) must Jie effected in lead vessels, as iron 
will not stand the dilutign very satisfactorily (this may pessibly not be abso¬ 
lutely binding). 

Phase 2 (4 NT •—^ i| i\i i ) is optional, but lead vessels would have the 
advajitagc that the dilution couW be cariye'd oilt before separating, and the 
solubility of thd nitro-compounds thus decreased. 

Phage 3 (i| NT —► 3 N7) require! steam>cuils under a certain pressure, 
and" iron appears coinewhat preferablcj though lead could possibly be used 
up to ih^ pressure required. 

If no lead vessel is available, phase i is excluded, and it further becomes 
necessary to modify phase 2, because it would otherwise be impossible to 
cool sufficiently to separate the nitro-compounds cpmpletplv Hpncp the 
followhig scheme appears more suitable :— 
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^ont^ining diMolved TNI^ 

Run slowly into«mixc(ii acid* ifith good*stirring, keeping tKe temperature below 70" C. 
When all is added, maintain for 3 hours ^t 70° heat during i hour to 110 ’ C., and maintain 
for 2 hours jit 110^' C. Cool to at the same tithe adding dilute nitric acid. Se{ilirate. 


xIt 

Remove to wash vat. 


• Waste Acid 
Cool to 60° C., add 
MNT, stir well, cool 
to 30" Ot, and allow 
to settle. 


1J_1J NT Waste Acid 

Add nitric acid. Add 
toluene slowly with 
good stirring, keeping 
temperature down tg 40" 
C. Continue stirring 
for I hour, allow to 
settle and separate. 


MNT 


Waste 


Acid 


Dilute to 70 irer cent. 
HsSOf and sejarate 
an^ nitrotoluene. 
Concedtraje waste 
acid. 


April 1916.” 
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• TNT plants.—The main (jovernment plant.s for t^e manufacture of 
I'NT were those at Oldbi/^’ and Queen’s Kerry, which were erected on an 
extensive scale under tke direction of Mr.'K. B. Quinan, and which embody 
;he results of'a very*wide engineering knowledge of chemical plant. These 
Factories have worked very successfully 3 nd produced a very large propor¬ 
tion of the whole of the.TNT manufaotur^d in this country.' 


Nitration process in use at H.M.' factories: 

, (i) Fi.D. Process No. i.—This starts with MN'J’, whk:h is nitrated under 

specified conditions tt) 1 NT. The waste acids from the INI are deto- 
luatcd* with MNT to e.vlraot the dissolved TNT, ai).d to use up any residual 
nitric tfttid by nitrating some of the MNT to DNT. ^ ^ 

The mononitrotoluene used in t}ie original e.xpcrimenis w:i& the product 
of a separate reaction, so that this process bei;ame the basis of the j)roccssa;s 
ii-sed at Oldbury and Queen’s !•'errs, in which the niononitration plant is c)uitc 
distinct from the trinitralion jllant l)y reason of the need to nitriite toluene 
petrol (ex Borneo spirit), the petrol being .removed from the MNT by dui- 
tillation. 

In the .second Woolwich report, considerable developments were indi- 
cat(;d in the use of waste acids from the trinitration proce.s.s for the nitration 
of toluene to mononitrotoluene, after the acid was suitably fortified by the 
addition of nitric acid. 

(2) R.D. Ptocc.ss No. 2 .—In the develojiment of processes for'the manu- 
facturf of TN'J' without the use of oleum, it is evident that the best results 
in the final nitration are obtaiiu'd when the nitro-compound has already been 
nitrated as far as it will readily nitrate in weaker acids, as the strong acids in 
the trinitration are then the less diluted during the eour.se of the reaction. 

A three-stage process was therefore developed as more nearly approacii 
ing a complete counter-current system. The toluene is nitrated siicecs.sivcly 
to compositions roughly rcpre.scnted by \ molecule NT, molecule NT, 
and TNT, the waste acids stcpi)ing down to each successive stage from,the., 
trinitration with the addition of the necessary nitric acid. At tlfe same time 
the waste acids from one stage are auloniatieally washed frey from the resi¬ 
dual nitro-compound produced at that stage by the nitro-compound formed 
in the suKsequent stage.' In this v^ay the final waste acid shou.ld contain the 
minimum quantity of the highest and l(;ast soluble oil, and also the minim'itni 
of nitric acid. . ■ , ■ , 

ft is.neeess«iry for mechanical'reasons tVi avoid jhe solidification of the 
nitration product, especially in ,tlie middle stage, :it moderate temperature, 
and thu^ the,.degree of nitration shoi;t of the limit represented by DNT is 
pur])Osely kept below the dinitr,o-.stage. ^ *« 

Considerable trouble has also been experienced iru the final .stage, the 
washing of,the'acid with toluene^and its firsf nitrafion, owing to the danger of 
forming’a loose compound between toluene and nitrGus*acid (always preserit) * 

. , , 1 . . •__ ____ 
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which is extremely soluble thus causing the waste acid to run away heavily- 
charged with nitro-body. This nitro-body cauSes’ considerable, trouble at 
the denitration plant .9 by the formation of tarry prc*ducts, and the capacity 
of the denitration plants is seriously reduced. This can,* however, be 
avoided*by carefuj, attention to dbtail, csp*ccially to the dilution and. nitric 
acid content otlhe acids at variofis stages. 

(i) ^Twit-ilage Process proceeding from toluene to J'PIT .—In this .pro 
cess the toluene is nitrated'successively to approximately i| J'lT and then to 
TNT, the acid frojn the hfgfier stage being subsequently fortified with nitric 
acid and used for the lower stage. ’ . » 

This process has been very successful from the points of view’of yield, 
quality of product, ancf convenience in working. It is necessary to adjust 
carefiJlly the coiftposition of the nitrating acids, especially at the lower stage. 

• 

(4) Contimums Process .*—This was started at Oldbury in October, 
1917, as a result of exhaustive research in the laboratory and on the semi¬ 
works scalf. It is a counter-current process. Strong sidphuric acid and 
MNT are fed in at opposite ends of the plant and emerge as TNT and 
spent acid respectively. The nitric acid is fed in at intermediate stages of 
the plant. 

The plant c(»n.si.sts of a number of pairs of ca.st iron pots. One of each 
pair is agitated and the other acts as a settling vessel. From the settling 
vessel, or separator, the nitro-body goes forward to the next agitator, and tho 
acids trav/d in the reverse direction to the next agitator. Thus the nitro- 
body is continually meeting .stronger and stronger acid. The ve.ssels are 
fitted with coils for temperature control, and the temperature vaneS in the 
different pans, having a maximum of itx)° C. 

The plant has proved to have a remarkably high capacity. Althongh 
built nominally for an ou1|)ut of roo tons per week, it has proved capable of 
m.inufacturing some 500 tons per wet'k of I'NT'. The consumption of 
toluene docs not differ much from that of other proccs.sc.s, and the advantage 
lies mainly in the high capacity and consequent saving of labour and capital 
cost of plant. 

• 

(5) Olhet Processes .—Apart from the above processes, some factories' 

have worked \jn the preparation of TNT by the successive nitration of 
toluene to MNT, DNT, and TN I', which were separated at these st^cs. 
Jlhe successive nitrations were done cither VitJ^ fresh acids or with fortified 
spent acids. ^ • * 

* The oniy other iftethods which havfc been considered are those in jvljich 
nitrates were \isod instead of nitriqaeid. * aSodium«nitratc was lried*at Wool¬ 
wich and dsewhetje. 'The ijtain difficulty in this w the rcQJvery of the waste 
acid^owing to t^e solium salt^prcscat. It is necessary to coo^eatrate to a 
certain degree*until the sodiuip bisulphato reaches its minimum solubility, 
ajjd thei> to cool .aitd filter. ^ • . 

A method in which ammonium nitrate,was used was proposed, but this 
proved to have disadvantages which outweighed its advantages. * 

..-... - ■ 7 *-;--...-.— 
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Efficiency. —The various methc^s de. not differ very greatly as regMds 
the yield of TN'l' from'toluene or in the consurtiption of nitric acid. The 
yield of TNT j)er part,of toluene has vuried^frpi^ 1.8 to 2.imparts. During 
1918 it was more the exception than the rule to find a factory producing less 
than ?..o parts of TNT per f)art of toliuvat' Similarly, grpt strifles have 
been made in the reduction of the consumption of nitric acid, a reasonable 
working figure being now 1.04 parts nitric acid per part of TNT. In this 
respect Queen’s Ferry has barely exceeded i.oo tor many months. 

Very little difference in the eflicien(.y has been observed in the nitration 
of coal far toluene on the one hand and toluene from iiorneo petrol on the 
other,. Toluenl' petrols from J'rinidad and Persia havc^ also been nitrated 
experimentally on the''works scale with similar results. 

f 

Washing of TNT.' 

f • 

General .—The main impurities in TN'l apart from mineral acids arc 
dinitrotoluene, unsymmctrical trinitrotoluenes, tetranitromethanr-, nitro 
benz9ic acids and nitrocresols.’The two last mentioned are of an.acid nature 
and are removed in the washing proce.ss, whereas impurities such as unsym- 
metrical TNT require more elaborate methods for their removal (see Puri- 
ficalion, page j 8). I'he adhering mineral adds are easily removed by wash 
ing with water, but the nitrobenzoic acids and nitrocresols are more difficult 
to remove, as they are dissolved in the TN'P and are not very readily ex 
traded by water. 

Originally, the washing of nitroglycerine was taken as a precedent, and 
attempts were made to wash out the acids by treatment with soda, but this 
proved to be a hopeless method. 'I'NT is converted by alkali into an 
i.someric compound which forms a .sodium salt, and then undergoes a radical 
decomposition, which is not only wasteful but dangerous, as the sodium salts 
6f the deconipo.sition products appear to be particiil.arlj .sensitive. This 
decomposition takes place even when small quantities of sodium carbonate 
are allowed to be in contact with TNI'. The washing had therefore to be 
effected by hot water, successive quantities of which were agitated with the 
TNT in lead or wooden vessels. In this way the mineral acidity w:is .sooi. 
removed (down to about o.i per cent., as HuSOd, but to remove <thc orgabic ' 
acidity (from o.i per cent, to below specifieation 0.03 per cent.) proved to be 
a more difficult operation. Large quantities of water, often as much as 5,000 
gallons per ton TNT, had to be used in as many as 12 or moic applications, 
according to the efficiency with which the separation between the H'NT aad. 
the water layers was made at the end of each wash. Also, the large quan¬ 
tities, of hot water carried away and dcpo.sitcrl considerable quantities of 
TNT, which int-olved a great deal of handling. < i 

Much effort was spent ill ascertaining such^emditioniof washing as would 
neutralisi! tfit nitrobenzoic acids, etc'., without attaclang the weakly acid 
isomer of TNT, and the two main principle.svesulting from a general review 
of the subject, gnd which formed an a^vancf on previous methods'were 

1. Pelleting of the TNI' in such a maqner as to produce a finely 

divided solid which could be washed very free from acid. 
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2. The use of a weakly ba^c hy<irolysed salt such as sodium acetate 
as an aid to the hot washing. In this way a means was found to neu¬ 
tralise the stronger arganic'actds without the .addition of any alkali 
which would attack the TIJJT.* 

These priifqjplcs were subsequently widely adqpted. The method of 
pelleting by dropping the hot.liquid,'!'NT into air-agitated cold waller soon 
gave placebo the method of breaking up the 'I'N'I' stream by a jel* of cold 
water. * This method was ifsed for a'long time, and thc*bulk of the mineral 
acid was removed at the fer.sfpelleting operation with great ease and*without 
waste of TNT in the wash water. It gradually became tet be recognised, 
however, that by far the greater j)art of the acidity reihoval, after the 'I'N'I' 
had pas.scd the firsrl pelleting (acidity 0.12 per cent., as HSSO4) was effected 
by thcjiot water St^atmenl neces.sary to re-melt the TNT between the’pellet- 
ings. This condition was accounted fpr by the fact that the pelleting, 
rcmove.s the bulk of the mineral acidity quite readily, whereas the organic 
acidity is more persistent and is not amenable to a surface treatment. The 
pelleting psocesses, therefore, drifted back 1*0 the method»of hot washing, 
vwth the addition of a first cold.pelleting of the very acid 'I'NT which 
removed the bulk of the mineral acidity in a clean light-coloured effluent, 
and which also saved considerable wear on ve.s.scls used in the subsequent 
hot washing. 

Of the vve. 4 ly basic salts tried, the most promi.sing appt'arcd 
to be sodium acetate, and this was used for a long time at one 
of the .smaller factories, and subsequently at Queen’s Ferry. Sodium 
formate \Vas tried at Oldbury and gave equally good results. On 
the whole, eonsiderabh' saving was made in steam an'd * plant 
cajiacily (ihi<' to reduction in thi- time cycle required) through the adop¬ 
tion of thi.s .system, but the conditions under which it could be used wereJ^v 
no means standard. Isxactly as with the hot wa.shing methf)ds, there were' 
j)i’riods during which the acidity was peculiarly persistent, and this was at 
lastconnected with the presence of tetranitromethane, produced during the 
tnnitration process, w'hich varied in amount m an unaccf)imtablc manner from 
time to time. The only ready means of removing tetranitromethane from 
•thc*TNT wfcas by s^am distillation, and thi.s formed a .strong reason foe the 
u.se of the hot wa.shing process. 

CotUlmtoiisWashing /’wrc.v.r.t—'fhis was developed at H.M. Factory, 
Qi^lbury. and formed a great advance ^n t'rte yrevious methods as regards 
cap^acity of plant and efru fency. The plant consists of a series of paifs of 
pot’s arranged on lhe*Same principle as in the continuous nitration plant <as 
a matter of fa^t the continuous v^ashing proc’e.ss was the p/fecursoV of the 
continuousmitratiop rjrocess). Molten acid.TNT*pa.ssed in at one end and 
clean water at llyp oth(«r. ThesP met erne another in couijter-cufrenl* and the 
outgoing produhts were neutral ,TNT and strongly acid water. 

• The dinitrohenzoir nrids have .affiniy const.anls/anging from 0.002 to 0.0*8. Triniiro 
'cdSsol has .in .affinity constant of al)Oiit o. i6, and dinitrocre.sol about 0.00008, wliilst acetic 
acid has a constant of 0.000018. . 

t Englisli»Patcnt No. 125140. 
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The pots were steam jacketed^andtprovided with stirring gear. The 
first vessejs of the series ^ere of silicon-iron, and the "later ones of lead. 

I'he lead pots were, hcjwever, strongly •atfcicked, and were later replaced by 
cast iron. • 

The continuous proc(;ss has been vprjj successful, the water consumption 
being reduced te (k» gallons per ton of T,NT. A similar pjant >^as subse¬ 
quently erected at Queen’s Ferry, a full description of which is given in 
I)agcs 80-85. J ‘ * ' * * r . . 

An electrolytic firoccss of de-acidifecation 'KSf. brought forward ip which, 
by bringing the TNT into contact with hot wjiter and putting a cathode in 
^he TNT and'un anode, in the water with a potential idiffercnce of about 
5 volts,‘it was suggested that the acids could be removed very completely 
without any agitation. . , 

THe main object of the washing is to remove acid from the TNT. It 
, was thought, however' that by the addition of certain salts'to the wasfi water 
organic im[)urities might be removed by a specific action of the reagents 
added on the organic impurities. This ri;search did not lead immediately to 
tlie desired resists, but nK)re recently reagents having the desired properties 
hav<.*’been discovered, viz., sodium sulphite and sodium hypochforitc. (See 
Purification, |)agc.s 23-26.) 

Filtering of TNT. —'I'NT is liable to contain suspended matter. This 
may*consi.st of sulphates of iron and lead, and of the. so-rafled “transforma¬ 
tion product” of 'I'N'r. The latter is formed from TNT in contact with 
basic substances and forms the “insoluble in benzene” referred to in the 
specification (page 18). If lhe.se are not removed, they either, remain in 
the T.N'i' Mid form a source of instability or are deposited in the various 
containing ve.s.sels, particularly the drying tanks through which the TNT 
piisses in the jinxx'ss. If such deposits are allowed to accumulate they 
, become extremely hard, and their removal presents a difficult problem. A 
fire at one works broke out in the bottom of a vessel in which such a deposit 
had been allowed to accumulali-, and was .sup])ressed only with difficulty. 

It seems to be de.sirablc, therefore, to filter the molten TNT as it runs 
away from the washing jilant. The nature of the impurities arrested by the 
filter -'ire such that very frequent changing is required, or the cloth becojnes, 
impervious to TN^'; and the equipment must be designed to suit this condi¬ 
tion. Steel woven cloth (too meshl has been found to be suitable for the 
filtering eradli-. (See pages 100 102 for detailed descri|)pon of Queen’s 
Ferrv practic('.) • • 

t ' < t, 

Drying of TNT. —Water is nearly insoluble ‘In TNT, but not entirely so, 
and'iier>' C if tlv molten JN*!' he rdlowcd to .solidify without dfying, it con¬ 
tains .small quantjties of v'ater. 'Dryingtakes^Iacc'easily, dnd.thc general 
method jias been'to keep the TNT pjolten cn a large^aflk for some time in 
order to drive off the moisture,. The temperature necesliary for drying 
formed thesubjert of a good dfal of investigation, and,H was decided to fix 
a maximum litfiit of 120° C. Air may be pibssed through the TNt to asSist 
the removal of moisture. It w’as originalLy feared,,an the basis of .statu-. 
mcnls which had beqn publi,s|io'.l, that the air would cause some oxidation of 
the TNTj but this has not proved to be* a difficulty. On the whole, it was 
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found that air blowing was liable fb barfroublesome mechanically, was ex¬ 
pensive, and of little value.* • , . 

Experiment^ wcr« madctto effect the drying by ^ continuous method in 
which TN’F was allowed to flov^down a coil of pipe in a counter-current of 
hotair. tThis was not suflicientlj* effective?, but the principle was further 
developed at a'grivate factory,* ift which the 'TNT vyas allowed to flow over, 
a h|ated flat surface, and (Jii-shas pyved to be an effective method of dry¬ 
ing. Such jf|,system has now been widely adopted, particufqrly as it decreases 
the amdunl of hot TNT in*the driers! (See page 102.)* , 

, It has been repcatecJly iToticed that the vobitile matter in solffl 'I'NT 
leaving the gramihftor drum is little more than half that of Ac liquid XNT 
running on to the drum. A remarkable amount of drying of solid flaked 
I'NT also takes |>lace during storage and transport. 

• •• ' 

Solidification of TNT.—The original method wjis to cast the TNT into. 

cjfkes, and (his continued to be used at many factories, as it provided the 
TNT in a suitable condition for purification with alcohol. A much 
more expeditious method of solidification i^ to take up Ae 'I'NT on,a 
r«tating drum, cooled by water and provided W'ith a scraper to remov’e the 
solidified layer of TNT. 'I'he majority of the TNI' was treated in this 
way; by regulating the sf)eed of the drum and the temperature of the liquid 
TNT, flakes of yarious thickness could be produced, though except for the 
highest giade product there was no .specification limit for thickness. ' 

'I'he method of cooling 'I'NT in a circular trough provided with rotating, 
ploughs to break up the TN'I' as it solidified was used in America, but did 
not come Into general ii.se in this country. 

Sources of danger in the manufacture. 

(i) Poi.somiii’. —'I'he risk of poisoning among TNT workers h:is hfen 
found to be somewhat greater than was originally anticipated, and at one’ 
time the problem was of considerable magnitude, though suitable precau¬ 
tions have sim e avtndt-d much of the trouble. Many girl nitration opera¬ 
tives have woiked for two years without trouble. 

• (2) Firs risk’s, rtc .—During mononitration there is some risk of the action^ 
becoming too violent if the conditions of mixing the toluene and the»acids 
are not closelj’ adhered to, and accidents have occurred from this cause. 
The tnuitr.itiort, on the other hand, f)rovt!S to be a stifer reaction than was at 
anticipafed, if ordinary j)recautions a*rc*tak**n. Recording to the condi- 
tiops originally dcscri])ed in the technical literature, oxidations can 5a.sily 
occur with sudden rfse of temperature and ev,olution of large quantities of 
fumes, but by*adhering to the schfme of Kmiperafure regulhtion alluded to 
above, verj^ little e^^idation sccurs. MucIvdi.scus'Sion has> taken place as to 
whether coils, |«cketf, or other‘incan.s»of cooling should be us^’ but, on the 
whole, there is not much difficislty in contnrlliqg the temperature. A much 
rrjpre serious matt(A is the danger of the stt)pping or slowiyg ‘down of the 
stirring gear during the mixing of the cba>jges or whilst the reaction is still 
very energetic. * * * * 

Clayton Aniline Co*n[)anjf (Krit. Pat. 9722/1917). 
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Inflammations may occur throi^h the accidental spilling of nitric acid 
ojr mixed acid on to woodwork or other inflanimable material in the plant, 
and several fires have rbsulted from this cause.' A fird thus'started may lead 
to the inflammation of toluene or,nitrotolueile in.thc nitrating vessels. Minor 
accidents havo occurred through TNT^^maining in contact with heated, 
steam pipes, and in the*distillation of benzene from 'I'NT in the laboratory 
during the testing <of the subitances insoluble id benzene. ‘ , • 

I’he greate.st danger of fire is incurced if the crystallisation of TNT from 
inflamnvtblc solvents is carried out near to the ljuilding in which the nitration 
is carried on. , 

111 consequence of, several serious accidents resulting from this cau.se it 
was decided at an early date that the crystallisation or purification of TNT 
by inflammable .solvents .should not be carried out at'the individual factories, 
but should be centralised at several works built specially <rbr the purpose. 

TNT was exempted from the Exjilosives Act on the nth June, igto, 
but this exemfitirm was revoked by an Order in Council dated 22nd August, 
1917. 

CJ) Sparhiuii .—On several occasions electric potential has been di:.- 
covered between various parts of the TNT plants. 

'I'hiis, at one factory s[)arks were oh.served to pass between the lid of the 
nitrator and the handle of the sampling bowl, which was of iijm. load-covered, 
and 9 -nded to scrape on the iron lid whilst being withdrawn from the pan. 
This phenomenon was made the .subject of a thorough invi'stigation, but it 
was not found pos.sible to reproduce the above effect. It was, how'ever, 
recommended that the sampling bowl should be connected by a flexible 
< ()nductt>.' tV) the nitrating vessel. 

Shortly afterwards it was discovered at Queen’s Ferry that when’ the 
contents of a nitrator were between qo° C. and t 20® C. there was suffieient 
potential difference between a lead coil isolated in the nitrator and an earth 
connection to cause a feeble glow in a 4-voIt lamp. This phenomtmon could 
be reproduced at will, and was thoroughly investigated. Following on this, 
visits wi‘r<' made to a number of TNT factories to examine into the possi¬ 
bility of electrification, and as a general result it has been made the practice 
to make earth connections t<) the roils and any other parts of the plant which 
hiay become electrified. 

(4) .Icfion of mrtals .—The dangers arising from contact between TNT 
and metals are much less serious than those whi<'h result from the formation 
of picrates in the ca.se of picri.- acid. ' At the same time it has been known fRr 
a miiwber of years that trinitro comp'vunds act a.s»p.seudp-arids and can form 
metallic salts indirectly by isomep.sation into i.so-nitro compounds. Re¬ 
ports have beenVeceived from timf' to tim(~indicating that dangerous metallic 
compounds have been formed, afid it is pos.si.ble that s^/tft* such ('ompounds 
have* been responsible for certain of the mishaps that hfive occurred in TNT 
factories. < ' ' 

It was repocted from France that iron and TNT gave a brown insoluBie 
sub.stancg which deflagrated on heating and. inflamqc^vi contact with nitrie 
or mixed acid. It was insoluble in organic .solveryts, but .soluble in ammonia, 
and th(' ammonia soUilion after ev.aporation gave precipitates with .salts of 
the heavv metals. Lead and aluminium had very little' action. A general 
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enquiry was made,into this subject, and similar indefinite compounds were 
obtained by contact with otner metals than iron. • Fortunately, however, the 
conditions that ^ave•rise «to» such’ compounds do net often arise in actual 
practice. , • ^ 

(5) AciiotipJ Aikalis. —TNX reacts somewhat readily w/ith alkalis*even 
in dilute solutimi, especially if warm. The first actfon is to form the salt of' 
an iso-nitro^eftnpound, but this rcadify dccomi/oscs with formation rtf brpwn 
amorphus ptoducts of unknown constitution. In contatt’vvith solid alkalis, 
inflammatiqn may readily oc(;ur at comparatively low tcinpertitures.*" A full 

• investigation was made, and it was shown to be of great importance to avoid 
contact of TNT with any strong alkalis. Weak solutions of hydrolyseJ 
salts can be used f,or thp washing (sec page 13), but where possible alkalis 
are to be avoided. Even the alkalinity in hard water attacks the T*NT to 
some dxtent, antfft was shown that the transformation product formed i.s a 
direct function of Ihe hardness of the \ 9 ater used for wa.shing. I'hus, any 
cleansing materials of a strongly alkaline nature should be avoided in the 
cleaning of vessels into which TNT is to be i»troduced. 

• Specification. —'J'he main point of importance has been the setting point. 
Originally the melting point was determined by the capillary tube method, 
and a limit of 80.5° C. was in force for a time. J'here was, however, so little 
Jiiargin between this limit and the melting {)oint of absolutely pure TNT that 
the s])ecification limit was soon altered to 80° C. Soon after the outbreak of 
war, crude INI was found to be suitable for amatol,* and a second grade 
was therefore introduced into the TNT .specifications. The .setting point 
was found to be much more reliable than the melting point for crude TNT, 
and a setting poini of 74° C. was fi.xed for the crude material. Foratilnethe 
capillary melting point method was retained for pure 'J NT, but in view of 
flic undoubted advantages of the setting point method, this ultimately super¬ 
seded the melting point entirely. 

Wlien cold alcohol washing came to be used extensively, it was found 
that about 40 ])er cent, of alc ohol could be saved by purifying up to a limit 
of 79 -S^ ^ • instead of 80° C. Ihis limit was introduced as an intermediate 
grade aft-;r liriug trials had shown that it did not differ appreciably from 
^o°*C. • , • 

• Meanwhile, the nitration methods had been improved agd the setting' 
point of the crilde TNT gradually rose. At about the end of iqi6 it was 
found advisable* to raise the limit for crude TNT'from 74° to 76° C. on 
asfipunt ot jxildation troubles. This was mcl without difficulty, as the crude 
product was already a veraging about ^6.5° C. Certain of the .sm,illej 

•makers prodyced TNT below 7^°, but as,this cpuld be used for purificatibn 
no waste was iiyolved. • , t • * • 

Thus, three grades of THIT came into use, thh specification limits and 
actual average sstting^mints beiiig as follows:— . *• • 


/iciuai average. 

Specification limit ,... 


CradrJ.' Grade II. Grade III 
• °C. oc. ' oc. 
80T2 ... 79.8 ... 7*6.; 
8o.f» 79^.; ... 76.0 


• Mixtures of 'I'NT jrilli ammgnium vitrefte in varying proportions.^ 


1019^ 
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'J'he volatile matter is specified<£S 0.^5 per cent., and this figure has, with 
a few exceptions, U^en ml;i without difficulfy. •' Latterl;^, the factories were 
instructed to reduce the volatile mattef trfo.i per cent,, although this did not 
enter into the sjjocification, as moisture harl been found to cause clogging in 
melt fillings of amatol. * ' " 

The acidity has fw-quenlly been a matter of soUie difficulty, as very 
thorough washing is necessMy to reduce the aciejity to the specification figure 
of 0.03 per cent., c^ilculatecf as H8SO4. 

rim organic matter in.solublc in bi’ny.enc was found to be of importance, 
as it affected the stability of the TN'I'. Difficulty has been experienced at 
times in meeting the limit of 0.1 per cent, (see action of alkali, page 17). 

I'hb ash does not jirescnl a serious probli’m, as it settles out very com¬ 
pletely from the molten TITl' during the drying .stage. All grades of TNT 
must be free from grM and must giv<^ a clear melt. ^ 

Purification of TNT. —'I he impurities in 'I'N'l' (apart from moistgre, 
and traces of mineral acids which .are easily removed in the washing process) 
rrc.‘— 

Dinitrotoluenc; , 

Unsymmetrical trinitrotoluenes; 

Nitrobenzoic acids; 

Nitrocrcsols; 

T ctranitromethnne. 


Dinitrotoluene results from incomplete nitration, and is practically 
always present in small quantity (mainly 2 :4-DNT and a little 2 :6-DNT). 

Ifiie unsymmetrical isomers result from a small proportion of metanitro- 
tol'nene which is formed in the mono nilro-.stage. Trinitrotoluene can exist 
in six isomeric forms, all of which arc known :— 


(1) 2 ;4 :6-trinitrotoluene, m.p. 

(2) 2 :3 :4 

(3) 2;4:.S 

(4) .1:4 ••.‘5 
Cs) 2 :3 :5 
(6) 2 :3 :f) 


8i.o°C. 

n2.o°C'. 

io4.o°r. 

J.s7..s®r. 

97 . 2 °C. 


Of these, No. i is the ordinary symmetrical or TNT, and Nos. 2 and 3 
result from the nitration of mtlanitrotoluene. . 

Ternary melling-jioiht diagrams for the «, ji, and* y triifflro- 
tefiienes were drawn up by the Rcsfcarch Department, Woolwich, and proved 
of great use when applied tb the Istudy of |)urification problems. 

An atlcmi)t w'as made at Oldbury and elsewhere to separate the meta- 
nitrotoIueV from the mixture of niononilrotolHen(i<?' by various methods. 
T'hc best results were obtained by a combination of fractional distillation 
and freezi.ig^out. The war was too far advanced ta permit oi[ this being 
put into operation on the large scale.but ai a method it possessed many ^ood 
points,'and would probably have been ver.y economioal. . 

The separation of paranitiotoluene and its further nitration to pure TNT 
w.as also proposed. 
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The centrifuging of dinilrololflcno<o remove the meta derivatives has 
also been under considerafion, but has the disadvantage that the valual)le 
2 : 6-isomcr is lust. 

The nitrobenzoic acids and jjitrocresols arc removed in the water wash- 
ing. • ^ * • * , • 

Tetranitrofliethane should bf. removed in the Abater boiling treatment,, 
but is generally still found»inithe fin^hed crude TN'I'. 

, Objects oj*Pun 1 \calio}i. 

Those fall tindsr three headings :— 

(il To secure better detonatio... 

(2) l'o*secure greater stabilit" -'•"■>0,1 

tJ) T o avoid c.\udation. 

• 

' (1) Detonation. —When 'J'NT is mixed with ammonium nitrate the de¬ 
tonation of the mixture is equally good with yude or pure TN'J', but when 
the latter albne is used the detonation is distinctly better wRen the ThtT^ 
p&rified. For this reason pure ‘J'NT is used in shells containing TNT 
unmi.\ed with ammonium nitrate, and especially in e.xploders. 

(2) 5 /fl’/'/ 7 //y.-^I)iflicultics were met with at times owing to interaction 
between imjiure 'J'NT and impure ammonium nitrate, being due to the action 
of the unsymmetrieal i.somers of 'I'NT. Thus, pyridine and thiocyanate 
react et coniparatively low temperatures, but tlie saline imiiurilies do not 
react unless the tenipiTature is above the eutectic' point (nof for 
NHjNOa, NJliCl, and NaNO;)). Thus the difficulty dejes not arise if 
impure amnioniurn nitrate is used with jmre TNT’, or if impure TNT is 
usc'd with [Hire ammonium nitrate. In the case of amatol 80/20* tfie 
.stability hardly comes into question, but in 50/50 and 40/(10 where high 
ter.j'eratures are involved, it is necessary that cither the TNT' or the 
aniraoniuni nitrate be pure. 

, Lxudation. —Crude 'I'N'T corlains a certain percentage of impyri- 

tie.s, eonsistilif chiefly of dinitrololucne and iinsymnietrical isomers* of • 
" trinitrotoluene., T'hese form a eutectic of low melting point, and, hence, if 
the 'F N'F is exjicised to hot climates, some exudation occurs. 'This fact led 
to .some difficulty during the summer of lot/i, and m consequenee of this 
thew WHS a»demand for a largely increitsed qmrtitily of purified TNT for 
^u.se in amatol. 'Fhe ^iiTicultaes due to pxudalion are met with under Ihc 
"following combination of conditions:— , 

• . 

(ff) Low melting point ftf'FNT. 

• {h) Only iJi anurtol 40/(10; amatol 80/20 does not ^ive rise to* 
this diffculty. • * • 

• (c) High tefhperature of storagoi * • 

• • • • • — — —^- 

* In referring to the i omposiiioij of amatol the first (jgiirc always gives the percentage of 
ammonium nitrate present, and the second figure gives the percentage (if TNT Thus So/sn 
denotes 80 parts NH,NOj aad *0 ji^rts TNT., * • i > / 
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{(£) Presence of exploder of‘smoke composition consisting of 

substances “which arc affected by ’the exudation. 

{e) Absence of containers to exclude sxudatisn. , 

The effect of the exudation on TNT exploders is to impregnate the 

TNT with the exuded matter and so deaden its explosive properties. 

* ' 

" ’ Mr.ihods of ^^uri/icuii\^n. 

General rcsearfches on the methods suitable for purifying TIijlT were 
carriccTout bofh at Woolwich and at the factories. The methods include :— 

(1) Purification by organic solvents. 

(2) I'urifications liy sulphuric and nitric acids. 

T (3) Purification by hot water. ' . 

(4) Ccxitrifuge methods. 

(5) Pre.ssure methods. 

(b) Purification by aijueous solutions. 

,(i) PunfictUiuH by Orgauit Solvcnls .—The original method was to 
crystallise the J'NT from an orgiinic solvent, and this method gives a prac¬ 
tically ])ure product. A mixture of alcohol and benzene was generally 
used, for neither of them used alone is really satisfactory, the one by reason 
of its poor solvent power lor I N T, the other because of its excessive sol¬ 
vent action. I'he I'NT was dissolved in the hot solvent and cooled with 
stirring, the nature of the impurity and the physical condition of the TNT 
being immaterial, as the TN f was completely di.ssolved in the hot solvent. 

Phe main practical difficulty which presented itself in the application of 
this method on the large scale was the tendency of the 'I'N P to deposit in 
crusts on the cooled walls of the jians and to retard further cooling owing 
to its extremely low conductivity. Various methods were proposed to over¬ 
come this difficulty, amongst which were the following;— 

(rt) Scrapers, chains or brushes to scrape off the crusts. 

(b) Shallow labyrinth with shovel scrapers. 

(c) Low temperature gradit;nt between TNT and cooling jacket. 

(rf) Treatment of molten TNT with hot alcohol. , > 

‘ (e) Dissolve in xylene, etc., and precipitate by alcohol. 

(/) Crystallise from small quantity of MN'l’ and whsh out with 

alcohol.* ■■ 

(X') Same as (/) except"with nitrobenzene and washing \with car^ 

> bon tetrachloride. 

* * (b) Extremely tapifl stirring and shock” cooling. 

(i) Cooling of jflcohol by evaporation in a vacuum.* 

(/) Mix’hot alco'holic .solution of TNT with refijgcratcd alcohol. 

'I'he only method known tft this early period which did*not involve crys¬ 
tallisation wss the wa.shing of groun,d TTS{T with cold lileohol, which wt^shed 
away th<? impurities, 'fhe purity of the resulting 'I'NT was dependent in 
a high degree on the state of aggregation^ of the‘nfaterial before treatment. 
For the best results the TNT shopld be slowly^ cooled so as to give a crystal¬ 
line product, in which the is(jme.ndcs ,and din^trotoluene are wholly on the 
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surface of the pure TNl'crystals an«J»arc thus easily removed by cold 
alcohol. ; 

At this period theyuriftcation wa*s being carried «n in a number of fac¬ 
tories by crystallisation. T|je pjirification was undoubtedly the most dan¬ 
gerous p8rt of the manufacture, blit as conVenient methods.which did not 
require inflamiflable solvents wt^e not known;, theare appeared to be no . 
remedy for thk. A series ftf explosions at factorie.s renderet^ drastic 
action necc.^ary, and it was decided to stop the purificat^oH process at prac¬ 
tically ^11 the TNT fac^prfes, and to establish separate purjfying stations 
to which the crude TN'l' frffln the nitration factories should be conveyed 
from a di.stance. One factory was already establishc'd on‘this basis,, and* 
and one for cry.stallisation with vacmiin cooling. 'iV'sc factoric?! main- 
purifying plants were eil'cled, one for purificaticfti by cold alcohol w,^shing, 
and one for crysftjlli-sation with vacuum cooling. The.se factories main¬ 
tained the supply of pure 'I'NT until a»di.sastrous explosion destroyed the 
latter plant. The other factory was oj)crated very efficiently right up to 
the end, though its output became gradually less iniportanl as arrangements 
were made to purify TN'l' without the use of alcohol, ihns avoiding tlie 
grt-at danger of fire and the inevitable waste in the recovery of alcohtd. 

The distillation of alcohol from TNT re.sidnes was the chief danger 
point in the process. Nitrons fumes were frc.(|uently ftbserved in the alcohol 
vapour, and for ^lis reason a little urea was added to the alcohol before 
distillation. The fumes were jirobably due to the formation of ethyl niTrite 
from the TNT i.somers, i)robably as.si.sled by the im[)urities in the denaturing 
agent in the alcohol. The (ine.stion f)f other denatnrants in place of crude 
wood spirit’was fully gone into wnth the exci.se authorities. The .'jternatives 
were benzene, petrol and 'I'NT. * • 

.Solvents other than alcohol have been u.sed to .some extent, such as 
benzene and toluene. Oth('rs were also proposed, such as carbon tctA- 
chloride and biitvl alcohol. 


(2) I’mifii itlioit by Ihc nix' oj Acids. 

{a) Srlpnirir. .hid. —'I'N'l' can be crystallised from strong sulphuric 
ac!^ and this has formed the basis of a scries of purification methods, "^'ho 
, main points which require consideration are - 


(1) Kcoflomy of sulphuric acid. 

(2) Accumulation of unsymmetrical crinitrofolucnes in the motlier 

liquor, rendering it unsuitafile* foj nitration purpo.scs. 

(3) Difficulties 07 filtr^ition and the handling of strongly acid liqqprs. 


The prin’ipjes on which theToljowing^ gietlfod.s.dcpend are besttunde*- 
stood by considering that whey strong sulphiifie- acid or the ijssidual nitration 
acids are in contect with hot molten 'J'N'J' the impuriiies ar»,distributed 
between the TNu layer and th^ acid layer.. If, however, the whole mass 
be cooled,ihe solid "^N T ceases to be a solvent for the inipuriligsf and under 
suifable conditions these nfay be* caused tojiass into solution iivthe acid. 
The various methods which have»bcen suggested are as follows:_ * 


(i) Simple crystallisation from strong .sulphuric acifl. This requires a 
large quantity o| sulphuric acid, andtis thwefore wasteful. 
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(ii) Crystallisation from residual nitration acids. The impurities accu¬ 

mulate in the acid and .so'render it, in part,at feast, unsuitable for further 
nitration processe.s. The filtration anVl general* manipulajion of the large 
quantity of acid li(iuor make the various modifications of this process incon¬ 
venient as a technical method. ‘ ' i 

T''xperimental work was carried out oh these processes,* but none were 
adopted, (;xcej)t is a small yny, wherc^ a plant Vay-out was favourably dis- 
f)osed to the working of the f)rocess. It is not now likely that sqt;h processes 
would be cdn.sidcrcd for future work as compared, with the newer ^nethods 
u.sing aqueous solutions. * 

(iii) >The cold washing of TNT with sulphuric acid was put forward by 
Woolwich, and is analogous to the method of coljl washing with alcohol. 
For successful treatment it is neces.sary to have a well cry.stallised TNT 
(crushed “ toffee ”) through which concentrated sulf)huri(* acid i.s*a11owcd to 
j)ercolatc. Usually this method gave good results when the TNT had 
originally a very low setting point, but, on the other hand, with an original 
lygh setting poyit the re.sultssvere not so well defined. A .setting point of 
7y°V^ can be obtained from almo.st any (juality of crude TNT by this means, 
but this figure represents approximately iHe limit of jmrification that can fte 
readily obtained on a works scale. The disadvantages which jiresent them 
selves are the trouble of handling material .saturated with concentrated sul¬ 
phuric acid, the difficulty of filtration, .and the general .slowness of the 
operations. 

The process is wasteful of sulphuric acid, but the losses of TNT are not 
high, especially if the recovery of rc'sidiu s from the washing liquid proved 
to be fea.sible. 

(/») NUrir Add .—Following the successful development of the nitric 
ac'id purification method for .similar compounds, it was shown that the same 
method could be applied to TNT manufactun-, and experiments were m.ade 
on this method at Queen’s b'erry. In view, how<-ver, of the quantities of 
TN'r re(|uiring to be purified, and the difficulty of handling the large (|uan- 
tities of nitric acid involved, the work was not proceeded with. 

‘(3) Pufificariou hy Hoi Water. It was claimed by one [irivatc firm'thaf 
the tinpuritiesx present in TNI' can be removed by .simple hot water treatment 
under suitable conditions. .As the impurities are insoluble in water, and are 
scarcely attacked chcm'ically bv Jiot water, their removal i^ possibly purely 
mechanical. 

\ . 

I ‘ , 

‘ \4) Cnitrifuy^r Proreitsr^. —'I',he dinitnytoluene and TNT.isomers give* 
ri.se to a low melting eutectic. • The removal of this by oentrifuging the 
crndi' material (In the foVm of lumps of TJ^T " toffee ”>"was pt'oposed, and 
the meftiod'as it stood gave very in'different residt.s* bin i/. was developed 
after a very full investigatiorf, and ultimately gave extremely promising 
results. Th Vs improved form it (vrn.si,sted in. centrifuging th^ coarrely 
ground,TNT and directing a yet of warni water on to it in the centrifuge. 
The best results were obtained when the proce.ss was’done in two stages at 
different temperatuVes. The’liquid from the "high temperature stage was 
returned tp the process. 
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An improvement on the,abovc centfifiiffe prorc.ss was the “phenol pro¬ 
cess.” In this the TNT was'maltcd with phenol and allowed to cool slowly. 
The phenol formed atutertie with* the impurities in die TNT, and this was 
whizzed out and the residual phcaol washed out with water. By this means 
a setting fioint of 8c^,° C. could be^ftached. * , • 

(5) Pressure. Methods.-^'X^^SQ depended tflso fin the removal of the 

eutectic by physical means. The TMT was vtornied gradually in ft cylin¬ 
drical vesserfitted with a pUinger ajiplying pressure to the*'rNT to e.xpress 
the juice. The loss of 'TNX was, however, somewhat high, and'it was 
difficult on the largrr scale to bring the mass of non-conducting TNT to 
uniform temperature, which was of course very necessafy. . 

(6) Purifi-cation by Aqueous Solutions. —TNT is always washed very 
thoroughly with Water after the nitration to remove adhering mincraf acids 
and as much as jiossible of the organic«acids. The other impurities, such 
as dinitrotoluene and the unsymmctrical trinitrotoluenes, are not readily 
removed by water owing to their insolubility. The.se compounds are not 
very reactive, and, although some experiments on salt solirtions had Ijeoa 
mSde, it was not until iqifi that suitable, reagents, viz., .sodium hypochlorite 
and sodium sulphite, were found. 

(1) Sodium HYnocin.ORiTE j'Rocf.ss.— This process, which was de- 
vclo[)ed and used for some, time by the Clayton Aniline Co., consists of*the 
treatment of the crude TNT with sodium hyjiochlorite solution (commer¬ 
cial "chlor liquor”). The elevation of the setting jioint obtained varies 
from i^-i-j** C.; thus the purification brought about is much more limited 
than that produced by the sulphite process (r’h/c infra). 'I'he convenience 
of the. method lies in the fact that the hypochlorite can be introduced during 
the hot water wa.sh of the 'J'NT, and thus no additional plant is required. 
The exact chemical reactions between unsymmetrical 'I'NT and sodium * 
hypochlorite have, never bein definitely worked out. .Ap|)arenlly other 
impurities also are o.xidised away, and the fini.shed TN'l' has a very pale 
colour and a very low content of organic matter in.soliible in benzene. 

(2) .SoDiWM sui.riiiTE PROCESS. —This process was discoverml and first . 
‘ ii.sed in France.^ The method as then used (iqiG) consisted in ca.sting T«NT 

into blocks, crushing the coarse crystals formed by the slow solidification 
of the TNT, and washing with a solutioy pf sodiTim sulphite, which is 
obtained asi by product from the manufacture »f synthetic phenol. This 
process was inspected jiy representative^ of the Explosives Department in 
July, 1916, and shortly afterwards e.xperirpenta^work on the lines indicjrtt^ 
by the French Was started at WooJwich arfd el!;e\^ere. Experiments on 
the works scale wene made, the conditiftns nchessary for a successful 
working of the pitiCess*esfablished, btit*the great disadvantage provf’d to be 
the plant, time and labour involved in preparing the TNT in a condition 
suitable fdl .sulphite treatment, especitjly as Ihe lay-out of TJNT factories 
jn jthis country was arranged almost entirsly for flaked prodiff-t, which 
material, having been suddenly cliilled, was u^.suitable for the process. 

The purification depends upon the interaction of sddium sulphite with 
ffie unsymmetrigpl isotners of TNT in which one nitro-group is replaced by 
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a suli)hf)nic acid .cfroup. The sodium salts of these sulphontc acids are very 
soluble, forming a deep rtd solution, and gre easily removed in the wash 
liquor. .Symmetrical or u TNT itself Is dttackee/ to rhgrcafer or less extent 
according to fhe temperature used for the washing, though the decomposition 
is vely slight compared with that of thcnin.symmetrical isomers. » Sodium 
•sulphite solution from the synthetic phenol works frequently has a strongly 
alkaline reaction, and in orde^ to overcame this, weperiments w^re made with 
sodium sulphite, eo^itaining sodium bisulphite, but this mixture'was not so 
roactivc^as the,above material. .Sodmm sulpWtc from .synthetic‘phenol 
manufacture has therefore been iKsed for the prtrification, and no deleterious 
effects have been observed. The dinitrotoluene f)resenf in the crude 'I'NT 
is not altacked by sulphite; thus, the sulphite treatment does not afford a 
complfte purification of thf 'TNT, the measure of the purification depend¬ 
ing upon the degree of nitration of the crude product. , < , 

‘ In July, 1917, information was rt.ceived of a modiriea<ion of the original 
French process which was widely adopted in France and sub.sequently-in 
this country. As ])ointed out above, the great di.sadvantage of the original 
se’.icfne was thd* difficulty of Winging the TNT into a phy.sicKl condition 
suitable for the sul[)hile treatment. 'I'he*new proitess jirovided for a pre¬ 
liminary washing of crude material b\ ordin.iry hot water to remove mineral 
acidity, and the .solidification of the fused TNT under water by a process 
of slow cooling with stirring. In this way there was obtained a wet magma 
of small but well-defined crystals of pure 'I N f, impurities, as in the ca.se 
of “toffee,” being concentrated on the surface of the crystals. When the 
I'NT had cooled sufficiently the sodium suliihite solution was added with 
stirrin^f. ^ The reactions indicated above take place completely during half- 
an-hotir’s stirring, and on removal of the deep red wa.sh licpior and sul).se(|uent 
water washing of the cry.stals, « 'I'N'I', together with some dinitrotoluene, 
Remains. 

The solution of .sodium suljihite u.sed cont.'iined 10 per cent, of NaoSO;, 
and was added in sufficieni (|u;intity to give 4 5 ])er cent, of NaoSO;, on the 
crude TN'l pre.senl. It is best to add the sul[)hite at a temjx'rature of 35°- 
40° C., but it can conveniently be added at temperatures uj) to ()0° ('., which 
saves time on the cooling of the charge, but somewhat increases the attack 
■on the symmetrical'I'NT. • • 

'fhe' chief •mechanical difficulties have been due to the great .strain on 
the stirrers, blocking dgf; to too sudden cooling when cast iijon vessels were 
used (remedied by using woodan vats), and the formation of (jmul.sions due 
to colloidal iron in the TNI' (remedied by adding a little sulphtiric acitHo 
thj" \Va.sh water). . • , 

ft wns al.soarranged in give tyrfacid waSli to the "TN'r (afte'r removal of * 
the sulphite liqupr) whil.V. in tl\e molten*.state in order to ensute complete 
absence .of alkalies.^ Whilst this is tlje standard proc|*sst it is not at all cer¬ 
tain that such an operation is necessary; if it could be avoidetf and the crv.stals 
u.sed withow't remelting, a (Vreat simplification of the operations, ^ould be 
brought aljout* • • . * * » 

Thc'incretise in setting point obtained by purifioation is approximately 
2.3O C.. and as dinitsotoluene is not affected during the process, the setting 
point of the final product deoends unon the deerrep nf m'tratlnr, nf 
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material. The lo^ in the purification amounts to 7-8 per cent, on the TNT 
used. • • • 

If any agfjfragates of TNT are formed during llie crystallisation stage 
these are imperfectly attacked, es they are not penetrated by the sulphite 
solution.* Thus thg smaller particles are purer than the larger lumps. ’This ' 
suggested thatlif the sulphited product were sicVed,*the TNI' which passed- 
through would be of better^uftlity than the bull|. 1'his was tried at^ueen’s 
Ferry, and\he crystals which passcc^ through the sieve ^ave a setting point 
of 80.1® C., or 0.3° highgr fhan the bulked batch. ’ ,, 

A full description of the j*lant operations is given in pages 85-100. 

• ® 

Trealmcnt of the Sulphite Mother /./V/rrcir.- -Experiments have been 
made with the view of’'recovering valuable orgtinic material from die red 
mother liquors fft«i the sulphite process. Such material can be recovered, 
but many difficulties arise in considering large scale recovery, chiefly due to* 
the excessive dilution of the liquor. Aeidification of the liquor precipitates 
a small proportion of the soluble contents a^symmetrical TNT, but it has 
no effect oifthe subslances which aro.se from the TNT isomers. On tweSl- 
ri^enl of the mothc-r liquor at about 70° C. with methylamine, a mixture of 
dinitromethyltoluidines is obtained, which could be nitrated up to trinitro- 
tolylmethylnitramine. 'I'he pric'e of methylamine u[) to the present is pro¬ 
hibitive, .and the Bul[ihile liciuors have so far run to wa.stc. ^ 

TTealmcut of. 'I W' /' Rrsiihtes obtained from the Purification 
. Process. 

Wht'ii TN I' is purilietl by means of solvents or acids, the; im*pirrities are 
obtained in the form of a re,sidue containing a certain quantity of TNT, 
together with dinitrotoluene or unsymmetrical trinitrotoluenes, or both, 
according to the nature of the proce.ss. The utili.sation of these impuritie.s* 
has formed the subject of a good di-al of investigation, but they arc not very 
suitable for direct ajiplication to e\])lo.sive piirpo.ses. Mixtures with ammo¬ 
nium nitrate, sodium nitrate, barium nitrate, ammonium perchlorate, etc., 
have been tried at Woolwich, but are either unstable, insufficiently powerful, 
•or flnduly sjn.sitive. I’lie re-nitration of the re.siducs direct is»a matt^ of. 
some difficulty, owing to the isomers and the presence of small quantities of 
alcohol and other oxidisable imfturitics. Attenij)ts have therefore been 
maoe to separate the components of the residues.* Direct cry.stallisation 
nttthods aje hot satisfactory, but bettes success has been obtained through 
trealmcnt of the residu.-s witji sodium sulphite. The most important soyurcc 
' of such residues is IVom the ajcohol purification process. Besides pitre 
TNT, dinitrotoluene, and the unsymmetrieal trinitrotoluenes, other'impuri- 
tics also are preseqf, which a^ppear to arise from the action* of basic matters 
such as pyridine^w thft alcohol tintro<friced by denaturiog), on* 4 he isomeric 
trinitrotoluenes.* It was found tjiat treatmerrt wjth sodium sulphite solution 
at /rom 40^-50° C.*removed th^ unsymmetfical trinitrotoluenes, also any 
impurities which are soluble in the alkaline iiquors formed during t{fe treat- 
•mlnt: in addition, the •process cJf washing gets rid of anv traces of alcohol 
in the residues. I'n this wat a crud^; mijiturehan be obtained of pure TNT 
and dinitrotoluene which c|m be nijrated ditect to a good qualitjl of crude 
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TNT. The sulphited residues genera'lly still contain foreign organic 
bodies, which lead to a somewhat heavy formation of nitro'us acid during the 
trinitration, and at the factory where tHe iarge>-soale treatment of residues 
was carried ofit, it has been found advisabl(^ to, mix this recovered product 
with straight dijuitrotoluene to the extentr of some 25-30 per cent?., which 
makes the trinitration less tnjublesome. Solne quantity o’f the'2 :3 :4-isomer 
has beea isolated, qnd this sidjstance h^ some value as an intermediate for 
the fnanufacture of ^yes. It the re.sidues are allowed to crysU^tlise slowly 
over a mgtterH)f days, a large amount of'this 2 :3 : 4 -TNT, together with dini- 
trotoluenc, separates out. Subsequent treatmfent of this mixture with sul¬ 
phuric acid removes the dinilrotoluene and some other fmpurities, and the 
2 :3 :4-'1’NT is obtained reasonably pure. 
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SECTION 2. 

PIfVNT AND PROCESS FOR THE MANUFACTURE 

©F TNT. 

Genera^ —The. plant at II.M. factory, Queen’s Fcgry, was Sesi.^ncd 
originally for the nitration ftf loliiene*to TNT in two stages (seo page 10). 

The first .stage consisted ftf a mononitration, using toluene-petrof or coal- 
tar toluene as the stlirting material. Mononitrotoluene (MNT) was prepared 
from toluene-petrol by nitration, followed by washiTig and distillation to 
separate the unchanged petrol. In the manufacture of MNT from coal-tar 
toluene, howcvc*,,the of)erations of washing and distjlling the nitrated pro¬ 
duct were unneceseary, and the latter underwent no further treatment before, 
being used in the trinitration process. The MNT prepared from toluene- 
petrol was known as “pure”* MNT, and that produced from coal tar 
toluene as .“unwa.shcd ” MNT. 'J'he MNT from cither of these souipcs 
was then used for TN 7 ' manufaej;ure, being first employed to wash the waste 
acid resulting from the trinilralion .stage. 'I'his operation is known as “ deto- 
iuation.” Its effect is to e.xtracl the dissolved TNT, to utilise any residual 
nitric acid by nitj^ating some of the MN'l' to dinitrotolnene, and to leave the 
acid clear and suitable for denitration and concentration. 'I'he solutiftn of 
mononitrotoluene containiiuf TNT .and dinitro(oluen<‘ (under the name 
"acid-MNT”) was thcTi n.sed for trinilration. 

7 'he sdeond stage consisted of the nitration of the “acid-MNT ” to 'PNT 
in one operation, using a mi.xed acid of low water content. * • • 

7 'hus, as will be .seen from the .above outline of the original Queen’s 
Ferry practice, the detoluation process was introduced e.s.sentially as a 
wa.shing .stage, and not as a nitration stage, the only nitration effected bein^ 
that resulting from the HNO;, conti-nt (approximately 2.5 per cent.) of the 
waste acid from the trinitration. 'I’he acid leaving the detoluators (“spent 
acid ’ ) had the average composition :— 

Per cent. 

H2.SO4 ... ... ... 72.0 

fINOs . trace 

HNO,. . 3.,; 

Soluble in ether ... ... *07 

H ,0 .* * .., 


100.0 


..^pccinc 


Siravity 


1.660 


The acid-MN'r resulting frpm this detoJuation proce.ss had' a gravity of 
C.„afid consisted mainlv of MNT, with comparatively small 
quantities of TNT and dihitrolo’luene* '• 

- -•- - _V- ... _ _ 

•The term “pure” refers only to the purifiration tl.e nitration produrt'undcrwent 
dunng the washing and distillation stages,'the final product being actually a mixture of all 
three isomers of mononiti^toluer^^ * ^ ^ 
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The nitro-body content of the spent acid, giyen abov,e as 0.7 per cent., 
was almost entirely in the form of mononitretoluene, and no difficulty was 
experienced in j)urapiftg acid of this composition through blockage of 
delivery pipes due to solidified nitro-compounds. 

As the urgent need for strict economy'in the usage of nitric acid became 
more and more appareiA, the*effort to recover as completely as possible the 
oxides of nitrogen.liberated’'during the nitratlorf-processes resulted in the 
installation of veiy ..efficienl absorption systems^ with the resuA that con¬ 
siderable quantities of weak nitric acid (containing 50-55 per cent HNO3) 
were recovered. In addition to the above, large quantities of weak acid 
\^erc available from other sources in the factory, and, as this acid could not 
be disposed of conveniently in any other way, it was decided to utili.se it in 
the detoluation process, making the latter to all inteilts and purposes a dini¬ 
tration stage. In its final form the detoluation process* <ifas so arranged 
'that the acid MN'T resulting from i. (or DNT, as it waffthen called), had 
a specific gravity of approximately 1.35, corresponding to a high content of 
dinitrotoluene. 

The advantages resulting from the extra nitration in the detiduators are 
obvious, viz., economy in the u.se of acid, fiartly on account of economy 
and cost in recovering spent acid, .and partly becau.se the higher the propor¬ 
tion of ac'ids, the smaller the charge of toluene in an apparatus of given 
size; and also to nitrate as highly as jiossible, the conditions for this being 
that the water of reaction in the final phase shall be fairly low. 

At the .same time, however, the primary object of detoluation was no 
longer attained, viz., the jiroduction of a spent acid of low nitro-body con¬ 
tent, .since the increased solubility in sulphuric acid of the nitro compounds 
(due to the presence of more dinitrotoluene) raised this content to consider¬ 
ably over 1 [)er cent. 'I’his resulted in large quantities of valuable organic 
material being transferred in the spent acid to the Acids .Section of the fac¬ 
tory, thereby causing much inconvenience at the denitration and concentra¬ 
tion plants. Frequent blockage of the spent acid pipe-lines also occurred, 
especially in cold weather, owing to the high percentage of dinitrotoluene 
in this organic matter. 

In order to overcome this difficulty, additional plant was in.stalled in 
order to wash the acid leaving the detoluators with MN'F, and as this process 
actuaily took the place of the original detoluation scheme, it was known 
under the name “super-detolnation.” 

l'h(’ above resume ,summarise..s very briefly the development of the 
Oueen’s Ferry process of raanufactitrc, and a fuller description is given in 
the detailed account which follows., 

MONONITRATION. 

General description of MNT section. —The MNT jilant,* which is adja¬ 
cent to the main TN'l' plant, consi.sts e.ssentially of 3 ui.its. Two of these 
units are designed for utilising toluene-petrol, and consist of a nitrating 

* This section of tlie plant was clesi«'ned and erected by the Asiatic Petroleum Company, 
which firm was responsilile for production until June, 1918, when the management was handed 
over to the Superintendent of the main xactory at Oueen’s Ferry. 
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house, a wash house, and a distilleryi*the third unit is especially adapted 
for the nitration of pure toliienf, for which no distillation is necessary, so that 
this unit consists only of,anitratioft house and a separator house. In the 
following pages the plant and forking of one unit will be derftribed, a brief 
reference being made to any variations of process or plant on the other two 
units. • • t , * 

,The dimensions of one MNT unit are 45(1 ft. x 150 ft. Fig. ji gives a 
rough sketeh of a typical unit and sllows the relative positions of the various 
houses, storage tanks, etc.* * 

About eighty yards fromthc actual process buildings and conipfctely en¬ 
closed by earth-bahked brick retaining walls 5 ft. high are ttvo “ tank yards/’ 
in which are situated large cylindrical steel tanks whith arc used for storing 
the various raw materials and finished products.* Each tank yard is lyjproxi- 
mately 220 fee^square and contains two i,4(X)-ton thinks, one (or two) 500- 
ton tanks, and three 70-ton tanks. Tl)p pipe-lines for pumping from and Uv 
the tanks pass through the surrounding walls and are concreted in. Each 
tank is provided with a water spray delivering on to the centre of the domed 
cover; ea^ of these drenching pipes has its own control valve, operajed 
from outside the tank yard, so that in the event of tire any desired tanks may 
be kept cool and isolated from the tire by a water curtain. 'The drainage 
water from these .sprays leaves the tank yard by means of a brick trap, so* 
designed that, while water can pass through, any oils, if present, are 
retained. * • 

'The process builijings consist of steel frames sheeted with corrugated . 
iron, the whole being erected on a concrete foundation. The; corrugated 
sheeting does not quite reach to the level of the concrete floor, as a low brick 
retaining wall is built round each house. Each house, the tank partis, and 
also the various pipe tracts are “welled” in this manner, so that in the event 
of a spill or fire the liquids are kept within the enclosure and cannot spread 
to unaffected buildings. 

Special precautions against fire are also taken throughout the lighting 
system, all wires and lamps being entirely enclosed and operated by switches 
from the power house. 

* • General description of the MNl' process in which toluene«petroI is the 
starting point. —'J'he material used is a mixture of toluene with various 
paniffins and*napthenes, boiling round about 110° C. This mixture is 
known as toluftne-petrol, or, in accordance with rtmtinental usage, toluol- 
b^ine. ^ It is obtained by distillatiorufroiff “ Borneo straight-run,” which is 
the fraction coming i.ver qp to 200° C. when crude Borneo oil is distilled 
without the; refining tolumn. This “ sTrjiight-run ” is distilled in stills pro¬ 
vided with columns of the Heckjjiann pattern, in the fir^ distillation the 
fraction boiling f^om 90°-130° C. is separately collected.* This fraction is 
then subjectedi»a s»cond distfllatioa, the fraction boiling froln 95®-115° C. 
obtained in this second distillation being the .toluene-petrol employed for 
tlje nitration. Thfe material captains from 55 to 60 per ecnt.3)f])ure toluene, 
and is altogether free from olefines and otljer compounds which«wquld react 

* ^ith the mixed acid. • h is coitveyed to the factory either by tank car or by 
lighter, and on arrival is pumped,into .the Rirge slorage tank. During the 
nitration proce.ss it.is niiTated by. sulpljo-ailric acid, which is .mixed from 
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fresh nitric and sulphuric acids and pufnped to the MNT plant from the 
main Acids Section of the* factory. .The acid -reacts wiVh the toluene, but 
leaves the petrol practically untoucKed. ,T«h« spent a^'id on standing 
separates out'bclow the MNT -li* mixture jnd is run off and returned to the 
Acids Section,for denitration and con(?entralion. The acid MNl-B is 
washed with water until fre/. from acid, ahd it is then pumped into a still, 
where, by means of indirect|&team and linally li/e steam, th(j whole of the 
petrol is driven off, leaving a residue oi “pure "t MNT in the still, which is 
pumped to storage tanks and dience as required to the TNT section (see 
llow-diagram. Fig. 2). 

T he petrol is reedfied and returned to the suppliers! 

Tlv; unwashed MNT piocess in which coal tar toluene is the starting 
point. —T he toluene obtained in this country from coal tar, viz., frym gas 
works and coke ovens, is almost enl/rely free from paraffins. It is, in fact, 
very rare to find as much as ^ per cent, of paraffin in coke oven toluene. 
Toluene from gas works tar may occasionally contain small quantities, and 
m<»<-cnal obtained from tar supplied by gas works which emp'oy vertical 
retorts especially may contain between 4 and 5 per cent, of paraffins. A very 
small proportion only of the supplies, however, is drawn from gas works 
operating with vertical retorts, and it is therefore jiossiblc almost completely 
to submerge thi; paraffin content of ihi.s toluene by mixing it in large storage 
tanks with the enormous quantities of parafrin-frce toluene obtained from 
other sources. Occasionally batches of toluene containing 3 or 4 per cent, 
of paraffins have been received at the factory in cases where mixing in bulk 
to reduce the paraffin content has not been expedient. In these eases con¬ 
siderable difficulty always ari.ses during nitration, and low yields and high 
acid usage generally follow. It has been found at H.M. Faetory, Queen's 
Ferry, that paraffins present in the toluene remain in the MNT produeed by 
mononitration, and from this material a hydrocarbon of specific gravity 0.73 
and boiling at 120^-124° C. has been isolated. T his material is gradually 
oxidised during the trinitration stage, and when it is present to any con¬ 
siderable extent always increases the nitric acid consumption in the manu¬ 
facture and renders it difficult to reach the desired setting point. 

In dealiiig with toluene containing quantities of paraffin lesr than those 
associated with the toluene in the toluene-petrol referred to above, it would 
appear necessary to fix a point beyond which increase in the paraffin content 
can only be dealt with on the lines described above in dealing with toluene- 
petrol, viz., washing the nitrated product until free from acia, and subse¬ 
quent distillation to remove unchanged petrol. It afipears that with a 
paiaffm content up to 4 or 5 tier cent, it would be inexpedient to wash and 
distil the produht obtained in the mononitration stage, since the cost of this 
would be almost equivalent to the additional c/xst of nitric acid required to 
obtain a salisfactor)' jiroduct from suih lolucne. In vhe ‘a se of a toluene 
containing more than 5 jicr cent, of jietrol, however, it would probably be 
advisable to fo'low the procedure used in dealing with toluene-petrol, vi/., 

•The mixture of MNT and unchanged petrol is known ils MNT—B, B being the 
contraction for the contineptid term U-.lzine. 

t See footnote page 27. 
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to mononitrate in |he ordinary way, wash the product free from acid, and 
distil. ■ • * 

The toluene is rA:eivad an tank cars from a ifumber of factories in 
different parts of the country. Jhe nitration is conducted exactly as in the 
case of tftlucne benzine. After nitration, tKc acid is separate/! as far pos¬ 
sible and the uhwaslied M NT blSwn into elevated storage tanks, from which, 
it gravitates a£ required to’the TNT Section. 1 

, I 

Nitratjon house and subsidiary plant. 

* 

The nitration bouse is 75 ft. long x 45 ft. wide, and ^-ontains twelve 
nitrating vessels arranged in two rows of six. Each nkrator is supported on 
four short iron feet st^ding on a low brick foundation. The covers and 
fittings of the ^ot project through the lead-covered platform which runs 
along'each side of the house 6 ft. 6 in. above the concrete foundation, and 
from which the nitration is controlled. * 

Corresponding to each nitrator there is a cylindrical steel acid pot of 2.5 
tons capacity. These pots stand on coverdd stages outside the nitration 
house, and are raised above the level of the nitration platform so that acid 
can easily gravitate through the connecting pipe which runs from the measur¬ 
ing pot, under the platform, and up to a funnel in the nitrator cover. On 
this pipe there is a globe valve next to the measuring pot, and a plug-cock 
just above the fuhnel. During nitration the valve is kept full open and the 
flow of acid is controlled by the cock. The amount of acid is measured by 
means of a glass float with a stem graduated in ^-inches, each graduation 
corresponding to a definite volume of acid. The float consists of a glass 
bulb, 8 inches in diameter, which is blown on the end of a 6-fd ■length of 
I inch tubing and weighted with about 2 lb. of lead .shot; a graduated stick 
is inserted into this stem. > 

I'wo toluene-petrol measuring tanks, one corresponding to each row of’ 
six nhrators, arc situated on raised stages at the end of the building. The 
charge of toluene-petrol for each nitrator is measured by means of gauge- 
glasses on the tanks. 

• ^Nitrator, —The cast iron nitrators in use are of two types, jacketed <ind 
unjaerketed. I'he following are the dimensions of an unjackoted pot;(Fig. 
3 ):-- 

Diameter, 6 ft. 

Depth, 5 ft. 5 in., 
dross volume, 140 cu. ft. 

<.‘oils,’standards, btc., 15 cu. ft. 

Net volume, j25 cif. ft. * 

I • 

The domed «»'er the nite-ttor is tf cast iron, and is pf suffioient^trength 
to withstand a |»ressure of 70 ^b. per square inch. It is provided with a 
manhole,.thermometer mountings, inlets and outlets for cofe'fume pipe, 
air pipe, discharge pipe, etc., all mountings for which fini.sh or# tjje same 
•leVel and are provided with slftt holes for square-headed bolts. The air 
pipes lead off from an air main rupning along each side of the house and 
connected with a coqipress/d air receivet iq which a pressure of*4'; Ib. oer 
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square inch is maintained by a compressor in Ac engine house. The dis¬ 
charge pipe inside the vessel is of lead, and is connected with a 3-inch steel 
pipe running along each side of the house and delivering to the agitators. 
The manhole can be closed by a cast steel cover held down by two nuts 

working on eye bolts and bearing on the two lugs at each end of ihe cover. 

' * 



An asbestos ring in the groove on the main cr>,.sting enables a tight joint to 
be mad-o. , • 

When it is found necessary to replace ?, cooling coil, the latter is lifted 
in and out'of the nitrator by a foiir-leggc4 sling chain which is attached to 
the four chacklcs of a lifting nlate,' the lifting jdate being provided with 
slots by means of which it is fitted to the coil slafndards (Fig. 4). The'’ 
actual lifting is done by travelling cranes runrting on girders from end to 
end of th6 building. 






NITRATOR HOUSE. 
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The inlets to thc^two coite are fed from a steel main running along the 
floor of the house and connected, as ^own in thc'diagram (Fig. 5), with a 
water storage tank. This tank is supported on four piers, 134. high, and 
is kept full by pumps in the main water pump house, a constant head being 
maintained by nieans.of a ball valve in the tank. The coil outlets deliVer 
intefone common^pipe, in which a vacuum of abcjjt J(finches is maintained 
by means of tw* pumps situated in the adjoining engine house. The inlet 
and outlet of oach coil are controlled by gun metal gland ootdts. 

The water jackets when used are fed from the same main a§ the*coils, 
feut discharge into a separate effiuent pipe which leads straight to the drain. 

Cooling coilx. —Steel.coils were oiiginally eijiployea m tne nitrating 
vessels, and though steel, owing to its higher conductivity, is a more efficient 
cooler than lead, yef owing to the following defects its use has been discon¬ 
tinued. In the nrst'placc, with an acid'eontaining approximately 27 per 
cciTt. of water (such as MN'l' siieiit acid), 35° C. has been found to be a 
critical temperature for the life of the coils; for, whereas below that tempera¬ 
ture the coils last for a long time, above it they arc soon eaten through.' 
Secondly, when a coil is thus holedt cither water enters the pot, causing rise 
in temperature and copious evolution of fumes, or acid enters the pumps, 
according as to whether the coils arc under pressure or vacuum. Lead coils 
on the (jther hand l*st for over .six months, the first place of attack beingin 
the vicinity of the cast iron lid of the pot. At this jioint, owing probably to 
electrical action, corrosioh lake's place until the coil is holed, but as the hole 
is above the surface of the liquid in the nitration vessel, and as the coils arc 
worked under vacuum, no water enters the nitrator and no acid enters the 
pumps. 

Stirrer. - Agitation of the contents of the nitrator is carried out by means 
of a conical “ bucket ” .stirrer of the following dimensions :— 

Diameter (top), i ft. 11 in. 

Diameter (bottom), i ft. 3 in. 

Height, I ft. (j in. 

The buck(;t (.see Fig. 3) is provided with four arms at the top and four at 
the beuoni, both sets of arms being set at an angle of 45°. The whole is 
keyeci to a 3i irK;h vertical shaft which pusses through a stuffing box in the 
lid of ffieTiitfator. The weight of the shaft and stirrer is supported by a 
^ cast iron tripod bolted to the cover of thP nitrator. A 3|-inch Hofmaiwi* 
ball-bearing is pro^-ided betw een th*e c^entre Rearing of.the tripod*and a foliar 
on the shaft, the collar itself being secured by a cott«r runnii^ through the 
shaft These bucl^t stitrers are operated by a 5 inch belt (jriven itf pwlleys 
on the main 3-in(^lf shafting, and ^ley can be stopped or started at will by 
means of an endless chain operating a jim friction clutch. bucket 

stirrer is operated at 146 r.p.m. 

• • 

Kentoval of The fumes eyolved dufing the raononitration, the 

amount of which is very^ilight compared wiflj tljat evolved in the trinTtration 
stage, are ^rawn y?ay from the pots* by means o^rfnil<Xsteel, pipes con- 

lOiqq 
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nected to a 4-inch earthenware main running along the sides of the building. 
iThis fume main leads into a series of earthenware towers, in which a slight 
suction is maintained by means of an air jet at the'top. 

Toluene'petrol supply. —The toluene-petrol measuring tanks which 
supply the nitrators arc fed by gravity from an elevated steel tank (No. 13 in 
the diagram, Fig. 1), which is supported on four brick piers. Toluene-petrol 
is pumped into this lank as required from the jarge storage tanks in the tank 
yardi 

The tolueae-petrol charge is 1.27 tons, the corresponding figure for co^l 
tar toluene being c.97 tons. 

Mxed add supply.— When frc.sh mixed acid is used for the mononitra¬ 
tion, it is made up from concentrated sulphuric acid, and nitric acia of about 
65 per cent, strength, to the approkimate composition— 




Per cent. 

H2S04 

N 

. 62.0 

HN03 

• . . ... 

20.9 

11N03 

... ... 

. 0.2 

H30 ... 


. 16.9 



100.0 


It will be noted that the MNT mixed acid is adjusted to give a residual 
acid, when the nitration is complete {i.e., when the HNO3 has been replaced 
by ihe equivalent of HaO), containing about 71 per cent, of HsSO^. This 
strength is chosen in order, on the one hand, that the final spent acid may 
not be sufficiently dilute to attack the iron vessels in which the nitration is 
carried out, but on the other hand, so that it may be sufficiently dilute to 
hold in solution only small quantities of nitro-body, and also sufficiently 
dilute to avoid even the slightest degree of sulphonation. If the composi¬ 
tion can be properly adjusted in this way, the waste acid will be clean and 
easily separated, it will carry off less than 0.3 per cent, of nitro-body in splu- 
lion, and after denitration it can be concentrated without frothing or blacken- 
irg. If, now, on the one hand the waste acid be to any cpnsiderable extent 
weaker than 71 per cent. H2SO4, corrosion of the iron^ vessels will occur, 
and will generally lead to \^'nyalsification of the mixture o^ nitro-body and 
acid, apparently by reas.<)n of reduction of the nitro-body by the hydrogen 
formed. If on the other hand, (he waste acid is to any considerable extent 
Stronger than corresponds to 7? per cenL HsSO*, it will become black aiid 
sticky from presence bf organic mattw, partly in consequence of sulphona¬ 
tion and partly by redson of the solubility of nitro-badies (more especially 
of thfe DNT which is always present in small qua&tities; in acids which are 
rich in IlgSOi. 

The'iresh mixed acid is pumped to the MNT 'Section from the mam 
acidiplant, over a distance c/ about half a mile, along a 3-inch steel line,, at 
the rate of 15-20 tons per hour, and delivers into one of two 70-ton steel 
storage tanks. The 3-inch acid line is supported on a wooden gantry which 
runs between the Acid and MNT Sections, and is so graded that there is a 
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slight fall from the pump stvtion to the storage tanks. This arrangemeni 
serves to keep the pressure oh the pipe-line low atid minimises the risk of 
bursts and the amount of leilks. From the storage tanks the a^id is raised 
by means pf two 15-ton mild stee^ blow-casks to two elevated (io-ton tanks 
situated one on each, side of the*mtration house. These feed the a*cid 
measuring pots means of a 3-inch line encirclSig thfc building. 

Nitration process. —The charge of^oluene-petrol is run fhto the nitratdrs 
and the stirrers started. The corresponding charge (appro.Kimately 2.’fe tons’ 
^f mixed acid is then run slowly into each pot, about 5 percent, in excess 
of the theoretical quantity being used. The lemperatu«e is allowed io rise 
to ,35°.C^- and is then miyntaincd at this figure throughout the nitration by 
adjusting the flo\^ of cooling water through the coils and the rate at which 
the acid’is added. ^I'hc rate of addition of the acid is so regulated that the 
time taken occupic.s‘ not less than three hours, but in summer, when the 
temperature of the cooling water may be as high as 25° C. the addition of tht 
acid may require as much as .six to eight hour* In order to complete tht 
nitration the contents of the nitrators are stirred for half an hour after all tkj 
acid has been added. The sj)(?eific gravity of the resulting product 
(MN T-B) in each pot is then determined as a check on the compieteness ol 
the nitration. 'I'he specific gravity varie s between 0.980 and 0.990/15° C., 
according tq the toluene content of the toluene-jietrol u.sed. If, owing;,tt 
faulty working, the .specific gravity falls below 0.980, a further quantity ol 
mixed acid is added. Tf all the gravities are correct, the contents of the 
nitratois are,cooled to 30° (.., the manhole lids are screwed on, and the total 
charge of six pots bloT.yn over by compres.sed air into one of the kad-jined 
agitators in the adjoining hou.se. The lime required to discharge the con¬ 
tents of one nitrator is about 5 minutes, and by mt.ans of an electric bell tlv 
moment of des[)atch, arrival, etc., are .signalled from one buildinsr to the 
other. 

V\ hen coal tar loluene is used in.slead of toluene-petrol the acid charge if 
approximately 3.2 tons, the time taken to add the acid being in this case 
:.bout o-n hv.or longer than in the former; the final specific gravity of the 
pr.odtfct is about 1.165. After nitration is comph.-te, the contents of the jix 
poLs art blown over as de.seribed above, but in this case they may be received 
into any of the four agitators. • 


. ENGINE nOOM. • 

1 hisTuuding, whic’i is 4; feet square and separated from the nitration 
imuse by a najTow alW way, contains the^engiqp for driving the stirrer# ifi 
the twelve nitratdrs. One engine c^f about 60 h.p. is required for this pur¬ 
pose. The engine jjouse also contains twti suction'pumps for drawing the 
cooling water thrr.:gh tlic nitratof coils? and two air compressor^ which are 
arranged so as to cut out automatically when the pressure of air in the 
recqjvers reaches 45 Ih. per ^quarq inch, 

AGIl^tTOR HOUSE. 

The agitator house is a two-stoiied building, 37 ft.’ x 30 ft., and the 
adjoining engine house, whv:h is a kan-to on the main building, is 20 ft 

IOI99* 
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square. The two stories are c'tfnnected b)* means ,of a spiral Staircase 
situated in the centre of che buildings Siftpe’nded from the girders support¬ 
ing the upper floor ‘and with the greater part of their bodies below it, are 
four cylindrical washers or agitators, built up in sections of |-inc|i mild steel 
plates. The lower ends of these vess'elf consist of shallow cones terminat¬ 
ing in a plate 2 ft. 6ii.. in diameter. The vessels are each i5 ft. long overall, 
8 ft. f> in. in diameter, ana of 22,000 litres capacity. 'I'hc top covers are flat 
and carry mountings for ihe MNT^B, water,^and light benzine pipe-lines, 
etc. . To ihe covers are also fi.xed the cast iron tripods which take the weight 
of the central,shaft and stirrers in the same way as in the case of the nitratioa 
vessels. The stirrer shaft is further steadied by a stuffing-box where it 
passes through ihe'^ cover, and at the bottom end by a footstep bearing. A 
cas^.iron shroud shrunk On to the steel shaft works in the (:ast iron footstep, 
the latter being grooved .spirally and kept Hushed out tnrough a' one-inch 
drain line during the washing jirocess. This method of keeping the bearing 
clean is found to be more satisfactory than attempting to exclude the acid, 
etc., altogc-ther. 'I'hc covef of the agitator is jirovided with a large manhole 
.with a swing lid. 

From the top floor are controlled tht; various valves and cocks on the 
pipe-lines delivering into the agitators, and also the clutches which operate 
the stirrers. The bucket stirrers are similar to tho.se used in the nitrators, 
except that two buckets and one pair of disrupter blad/xs are fitted to each 
stirrer shaft (see diagram, Fig. 6). 

The operation of running off material from the washers, and the 
manipulation of all exit pipes and valves are controlled from the bottom 
floor. j 

■Fwo of the agitators are lead-lined (|-inch lead on bottom, |-inch on 
walls, and 3/16-in. on slirrer shaft and buckets), and are connected with the 
discharge line from the nitrating vessels. In these agitators the spent acid 
is separated off and the MN'l'-B washed neutral. The remaining two 
agitators are not lead-lined and are only brought into use after the MNT-B 
is neutral, 'fhe 3-inch outlet pipe from the lead-lined agitator is attached 
eccentrii-ally to the bottom plate, and in the case of the other agitators it is 
closed by means of a 3 inch gate valve which is connected to a JL^Pieqe. 
Oiie arm 6f the latter leads through a valve on the delivery line'to an MNT-B 
storage tank, and the other is connected by means of a ca^t iron stand pipe" 
to the 6 inch cast iron effluent main (Fig. 6). 

In the case of the'lead-lineel. agitators the outlet is connected to one arm 
of a cast iron H-piece, tlje side oniening of which leads througi a* 3-inch 
regulus metal valve to the transfer line used* in pumping the contents of a 
lead-lincd into an un-line^ agit,ator. Tl?e lower opening leads through a 
regulils valvi to a swivtd jiipe, w'hich can be swung so as tVi deliver into one 
or other of thc-two leafi-lined funnels. ^)ne of the latter is situated below 
each of tht lead-lined agitators anfi is connected bj' a 4-i,nch cast iron pipe 
to two i.ij-ton .steel blow-qnsks into which vhe spent acid is run after separa¬ 
tion fromTljc MNT-B, and from which,it is blown into two elevated 'steel 
tankSjfrom which it giavitatif to the Acids Section to undergo denitration 
and concentration. A certain amount of MNT-B‘separates from this spent 
acid on standing and accuniulatep onrfhe surface of the acid in the storage 
tanks 'The MNT-B which sl'paratesis perio(iicallyrctunj.ed to the agitator 
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by a skimming pipe^and is ftwa.shcd. Yhe second funnel is connected to 
the effluent main referred to abo^e, which dclivers’intq one of three effluent 
pits. • * • 

Procedure iq the .case of MNT manufactured from coal tar toluene’.— 

If coal tar tf)luen^ has been used, the content^ of the nitrator are blown 
direct to settling vessels, from*which the acid is drawn off and the 
delivered direct to .storage. Jn this ca.lie the discharge lino ffom the nitrators 
is connected to all four agitators, each of the latter having an acid i*un-off 
sand a connection to,an MNT blow-cask. The agitators in this instance 
arc used merely as .separators, and, after the MNT rnd acid have, been 
blown over from the nitrators, the contents arc allowed to settle for about 
four hours, after which time the acid is separated. 

The* unwashed* MNT has a specific gravity of api)roximately 
1.165/15° C., and a flash point in a .semi-enclosed ap[)aratus of about 70° C. 
When fresh mixed acid is used for the nitration, the spent acid produced 
has approximately the following composition :— 


. 

Per Cent. 

H...SO, . 

. 72.0 

HNO:, . 

. 0.5 

UNO. 

. '0.4 

IT .,0 . 

. 27.3 


100.0 


When all the acid has been sepanitcd, the MNT is run off through the side 
connection into the blow cask and blown up into elevated steel storage tanksj 
from which it gravitates to the TNT .Section. 'I'hc product contains about 
0.5 per 'ent. of un-nilrated toluene, and approximately 0.5 per cent, of 
paraffins, mainly octanes. 

Procedure in the case of MNT manufactured from toluene-petrol.— 
After»thc c.onU'uts of the six nitrating pots have be('n received into a lead- 
.Jined agitator lhv:y are allowed to settle for at least half an hour; the longer 
the period of settling allowed before separation, the easier is the subsequent 
washing of the. MNT-B. The .spent acid is then ruii off as completely as 
possib le. Asa mt)le of the sj)ent acid from ''ach nitration is taken for analysis, 
and it i.T oy the nature and content of the spent acid that the amount of fresh 
acid to be used^is adjusted. An average analysis of the spent acid is giveru 
in the preceding paragraph. , - ' ' 

Any un-nitrated twluene is lo.st during the sub.sequent disitillation process, 
and in order that tflls lo.s^’ .shall be as small as possible the cliarge of toluene- 
petrol is calculated so that it will yifeld a .s{)ent acid vontaining appi:qximatcly 
0.4 per cent, of nitric acid. The MN'P-B, when drained as completely as 
pqssibh, holds about o.s^per cent, of nitric acid in solution but cofitains 
practically no sulphuric acid. , 

Washing of the MNJ'-Ii. —Whcn^MNl'. i.s;manufacturcd from foluene- 
petrol it i^necesj^jry to separate the‘unchanged pptrol fpm the MNT-B 
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by distillation, and for this purjldse the mixture mu^ first be freed com¬ 
pletely from acid. ^ ‘ ’ 

The opfjration ot washinjj is not altogether sirfiple, on account of the 
fact that the .specific gravity of the mixture of MNT and unchanged petrol, 
of'the compwsition gonerally obtained* ii? the nitration, is very near to i.o. 
In consequence it m^y un^lergo emulsification, and the liquid may refuse to 
separtite. This is especially liable to occtir in the alkali.wash, owing to 
tlic tendency of j^etrol to emulsify vlith alkaline liquids. Where^ difficulty 
is (!xperieileed in the washing by refusal of the nitrated mixture to separate 
from the wash.water, it is customary to add some of tlje petrol recovered by 
distil^tion from pfcvious charges, 'fhe .specific gravity of this liquid is 
about 0.770, and addition of a .suitable quantity will, therefore, ensure satis¬ 
factory .separation. 

Before wa.shing the acid MNT-B remaining in the dgitator, therefore, 
its Epccific gravity is lowered to ofq4.S-o.040 by the addition of 2.3 tons of 
petrol residues (see page 44'). Traces of .acid are once ag.ain drained off, 
and the stirrer started. 'Neater is then sprayed into the MNT-B from a 
p.’rforated 3-inrh lead pifie which encircles the top of the agitator. After 
sufficient water has been run in, the stiirei- is stopfied and the inflowing water 
is allowed to fall through the MNT B layer, the acid water being run off 
.simultaneously from the bottom. This continuous water wash is allowed 
to go on for about five minutes, after which time the inflowing water is turned 
ofTand the water remaining in the agitator drained. 'I'his operation removes 
the bulk of the acirl. but as a rule three or four further washes are required 
in order to render the MNT-B neutral. In carrying out the later washes, 
water iy i^in in with stirring until the agitator is nearly full. 'I'Ke water feed 
and stirrer are then stopped, and after five minutes settling the water is run 
off. About 2 tons of water are used ff)r the continuous w’ash and about 
() tons for each of the .subseqm nt rvashes. When the last drainings of wa.sh- 
water are neutral to litmus, the batch of MNT-B is immped over to another 
agitator (not lead-lined) in which it originally re< eived a wash with dilute 
caustic soda, but this latter operation has been omitted for some lime. The 
imrpose of the alkali wash was to remove nitro-cresols, but it has been shown 
that the latter do not cause trouble in the .subsequent nitration stages aijd tljc 
afkali rvash was therefore discontinued. *■ 

•■As a precautionarv measuns however, against the possibility of allowing* 
any acid to reach the, stills, the MNT-B is given two qdditional washes, 
using in each ca.se about 4 tour of water. It is then allowed to settle for half 
an hour and anv water that has separated is drained off, tog('thei»'.»itlw.-small 
amount of emulsion which tends to accumulals' below the hiver of MNT-B. 
Tfiis pmulsiqn is run into* .n sm»jll steel tank from which it* is pumped at 
int‘'rvnls back into a le^id-lined agit.atffr where it is mixetf with a charge of 
arid MNT B Irom the nitrntors. ,Tt is {ound that the emulsion does not 
accumulate when treated in this manner. 

The clean, neutral MNT-B is then di?;charged to;i tank which acts as a 
storage vesrt-1 for the large .still. 

. EFFLUENT PIT. 

I • 

Thccwash waters from the ag^tatoi^s are conveyed by means of a lead- 
lined launder into one of three' effiuent 'pits. These pits consist of four com,- 
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partments, as sho^n in Fig. 7. 'fhe^»ash waters, together with a certain 
unavoidable quantity of M-NT-B, flow into th« covered receiving pit A. 
This pit is 19 ft. x ft» 6 ft. 0 in. deep, and fn it the Ijght MNT-B 
separates out on the surfacq, whilst the water flows on under the dividing 
wall into* section B, and thence iijtcf the neutralising pit C. The hitter iff kept 
well agitated^by means of compressed air, &nd the acid water is here* 
neutralised wwth lime which* is introduced into the pit in an ir»n cage 
suspended Ijy a tackle from a girder kiinning oiferhead. , When the contfents 
of C ai^ neutral, the moyaBlc slide w'hich separates this pit from the fourth 
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compartment is rJii.sed and tlie effluent Waters flow into D, from which itlipy 
are pumped*ULthe TNT Section where? thev*mk with th« treated TNT 
effluent. ^ 

The MNT -<3 whikh separates in A and B is removed bymeaas of an 
adjustable skimming device from the surface of Jhe receiving pit, or, if much 
evaporation has occurred qnd tlyi M^T-B in consequence Ij^as*sunk, from 
the bottom of the pit; the material so recovqped is re-washed m aJejid-lined 
'a^tator. A few buckrtS of spAit acid added to the agitator facilitates this 
operation, as it assists in cfiagulatjpg tlje cnftilsion. The effluent pits are 
built of blue-brick and cement anj^ arc double walled, the spac% between 
the walls being^lled with asphalt. 
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PUJ&P HOUSE. 

'I'his biiildinj.f contains eleven piwnps for pumpififf the various liquids 
in use: three j>rocess pumps ff)r filling stills, emptying agitators, etc., two 
for MN'J', one large and one small pump flir toluene-petrol, one fQr toluene, 
and’ two for petrol. ' All exeejit the proivss pumps are arranged so as to 
pump to and from thc'tankicars in the siding alongside the pump house. 

TifeRMAU STORAGE TANK. 

fhe dufv of this tank, which is a converted 30 fj;. x 8 ft. h in. Lancashire 
boiler (Fig. 8),i>: to .store all exhaust steam from theplan^ for use as required. 
ICxhaust steam is le^ from all engines, compressors, and pumps to a 6-inch 
header extending the entire li'ngth of the' tank and as high up as possible. 
Forts-cighl i-inch branchi's arc taken from this header, each branch being 
fitted with a cast iron noz/.le in the shafie of a cross. E»:’,h* nozzle is*placcd 
inside a b-inch jielticoal pijie and t 4 ie nozzle itself is about 4 inches below 
the surface of the water in the tank. The object of the petticoat pipe is to 
bring about good circulation,of the water, and all sueh pipes are given a 
s%hl inclination towards one end of the tank where the blow^iff is fitted. 
'This is done in order to prevent scum and oil remaining on the surface of the 
water, which would retard the working of the tank. The blow-off works 
automatically or not, as de.sired, and con.si.sts of a float valve at the base of a 
funnel, the float closing or opening the valve so as to maintain a constant 
w'atftr level. The funnel is to assist in removing the .scum and oil from the 
tank. Other fittings consist of a 7-inch safety valvf' operating at 7 lb. jier 
sq. in., by-pa.ss valves for steam inlet, and small water .sprays. 'I’he w'ater 
supply to tjiese sjjrays, the object of which is to keep thi- tank pre.ssure behiw 
7 lb. per squari' inch, is automatically controlled by the steam pressure in 
the tank. When the pressure rises above 6 lb. cold water is sprinkled 
through the sprays all over the surface of water in the tank. All excess of 
Vater is blown off through the funnel to a fdter and is from there pumped 
back to the boilers. 

The whole arrangement is well insulated, and sujiplii's sufficient steam 
for heating the nitrating house, the agitator house and the jire heater in the 
di.stillery, and a moderate though uncertain supply of hot water for.the. 
hoiH-rs. ' ^ . 

• DISTILI.ERY. 

The MNT-B, now free from acid, is distilled by mean.s of superheated 
steam from a still filled with a*sniaM refining column. 'The first fractions 
are pure petrol, but after diifiillation has been in progress for sonfirTTriuT, the 
petrol carries over small qinintities (rf MNT. These intermediate fractions 
must be. collected sei)ara.telt for Mibsequefit distillation. Jh'e residue in 
the .still is MNT free frorii petn)!, and after (ooling it is delivered to storage 
tanks. The, intermediate fractions are re-distilled yi if sj^ll fitted with a 
large refining coluifin, and sofiaration of tjie petrol from 'MNT is made 
almost complete. ‘ , 

The recovered petrol, being of alnlost constant composition and 
propertits, finds numerous apVlii ations. • ft is .aspecially suitable fbr* 
extractions of various oil seeds, and is largely need for this purpose as well 
as for the cleaning of various dchchte fforics and simUar purposes. It is 

















MONONITRATION PROCESS. 


4> 


generally not absolutely fr(% from MNT, and traces of this material have 
been detected in see(^-cakc 'use*d for.cattle food'whjch has been obtained 
after extraction of oil-seed fty’mcans of the recovered petrol. , 

• * .* • * 

Stills.—Thjp still bases consist of mild steel riveted shells"of the follow¬ 
ing dimensions:— * * 

• . . • . 

- 9 ft. 2^ in. diameter x 25ft. long § in. thick, having 

a capacity of about i jdo cu. ft. • , 

Small Slill.-;-^ ft. (ij m. diameter x 22 ft. long x |jn. thick, having 
a capacity of about 700 e.u. ft. 

Each still is provideS with a Hcckmann colunln which consists of aperies 
of trays one abovedhe other. Each tray is fitted with 10 hoods and 4 drop 
pipes, shown diagrammatically in Fig. 9.* Yhc large stills have short columns 



Fic. 9 .—Ykrticaf. Section of Coi.umn of I.AK(iE Still. 

Curtaining eight trays, and the .small stdls long coJumns carrying 27 trays. 
The octroi vapours rise through the raised hoods on each tray to tlie top of 
the column, passing through the layer of liejuid condensed in the tray and 
maintaining it in a constant state of ’bullition, while the excess of liquid on 
the fray overflows through drop pipes which discharge into the tray imtfie-. 
• diately below. ^Finally, the vapours reach the condenser (.see later) where 
the' are condensed to the liquid form. In the case of pure rectified petrol, 
th'' ctindonsed liquid passes through a ^m^ill watfr separator and then 
throug^j[^a^g^lft-gIass by means of w’hiclrthe rate*of distillation may be con- 
trolled. The sight-gla.ss coii,sists of a cylindrical glass vessel surrounding 
an inner vessej with a iJcrforation,at its basy (Fig; 10). The distillate paSsss 
upwards in the inner glass and e.scapes through the fierfo/ation into the 
annular space between the two glas-ses, flowinti thenl-c throujSfh a 3-inch pipe 
to the receiving Ank cAtside the'still hfui.se. . • 

rite stills are heated by four»ii-inch horizontal lap-welded .steam coils, 
into which steam can be led at t6q lb. pressure'. In addition tej the above, a 
“live” steam coil pas.ses along^the bottom.insidc the large stilfs.. Both 
sizes of stills a*-e fitted wilB relief valves, pressure gauges, and gauge glasses. 

, The still residues are rcleas'ed fro® below, through a 4-inch valye in the 
still base, to coolers. . 
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MNT coolers. —The coolers dre mild-steei riveted shells, 19 ft. 9 m. 
long X 4 ft. in diameter,'containing 1,80 iS ft.' x 2 in. steel tubes provided 
with doub!c,tubc plates. The MNT enters'the coolers at the top, passes 
outside the tubes to the end, apd returns,»leaving the cooler at tjie bottom 
outlet, directly o[)positc to the inlet. Th^ tubes are water-cooled, the water 
' flowing in a direction’oppo'site to that of the MNT. 

' Condensers.-^The st' consist of vertical steel shells, the larger cqntaining 
222 tubes, t J in. diameter x 13 ft. 7 in. long, the smaller containing 129 
tubes in. diameter x 13 ft. 7 in. long; all'tubes arepf solid-drawn steel.* 
The cooling surfacq of the large condenser is 1,189 sq- ft-, and that of the 
small condenser 694 sq. ft. The petrol passes into the condenser at the 
top imd on the outside of the tubes. The cooling water, whicJi is supplied 
by means of a 3-inch pipe at the bottom, passes up throu'gh the tubes and 
overflows at the top. *' 


Ihstfihite 

ftom 

OxaUitiser 



.Preheater.— j'he jjreheatcT consists of a converted boiler, ?8 ft. long x 
' 8 ft. 0 in. diameter x in. thick, and of approximately 1,500 cu. ft. capacity. 
The* exhaust steam from all engines, pumps, compressors, 'etc., is led into 
the thermal storage lank described on page 40, and thence supplied to the 
preheater at a pressure of aboul 7*lb, per -sq. in. The steam infet is a 6-inch 
wrought iron i)ipe which supplies ten 3-inch wrought-iron horizAiitaTsteam 
coil;;; there are in addition four 11 ift. wrought iron high pressure steam coils, 
'flhc pr<.‘heater»is furnislu^d U'ith mountings*for a dead weig^t'safety valve, 
3-inch dischargQ pipe ta the sjill, 3-incfi filling pipe, 3-inch vapour pipe, 
gauge glasses and thermometer. TJhe vapour pipe/ano (fchaust from the 
safety valve are led”to the condenser. 

Distilljitioh process.—After the water Ras been drained off the MNT-B 
in the elevated storage tank (Nb. 7, Fig. 1the pwsheater is filled to witlWif 
a few inches of the top. F.xhaust steam is turned on and the temperature 
rises to about 80° C., further .wqfcr being drained off at the same time. 
Direct steam is next applied, and in abdbt 2\ hours the pre|6ure injthe pre- 
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heater rises to lojb. per sq. in. at a temperature of C. As the 

capacity of the preheater is^esS thar^that of the Still, it is necessary to pump 
4 or 5 inches (measured oft flic gauge glass) into the'still before blowing up 
the maig bulk of the MNT-C. •The latter,process occupies 7*5 minutes and 
is accompanied by the appearaijc^ in the sight-glass of a ccftain amount of 
distillate, owing to the temperature of the liqifid. +fcat is now applied to, 
the still by means of its cfwn roils, and at about 105° C. distillation 
commences* , * , • 

Th*e first distillate generally contains water and has a high specific gravity 

’ ( 0 ' 755 ); it is therefore run for fifteen minutes into a fra(^ion tank (No. 8, 
Fig. 11). The distillate is diverted into another fraction tank during the 
next hour (No. 9, Fig. ii), and by the end of that period a steady flow of 
water-free petrol is obtained, having a specific, gravity of 0.747. Th^valves 
at thd top of tRe«eolumn are adjusted so as to turn the distillate into the 
small still, which as a rule already contains a small amount of petrol from a 
previous operation. Should the: temiieraturc of this be too low, the steam 
coils in the small still are turned on. By tlys means the distillate appears 
in the sighi glass sooner than would have been the case had the large still 
distillate been turned into a cold still. 

Distillate. —Crmtinuous distillation proceeds for about ']\ hours, the pro-* 
duct (“’•octified benzine’’) of gravity 0.748 at 15° C‘. being run to special 
fraction t.mks (Nos. 11 and i3, Fig. 11). Samples arc taken at the eftd of 
the first hour, and th(»n after every two hours, and these are tested in the . 
laboratory' for final boiling point. At the commencement of operations this 
boiling j)oint is 117° (k, but if it rises to 118.5° ^ - samples are t^ken hourly, 
whilst a final boiling jioint of 119° C. necessitates the cessation t>f con¬ 
tinuous di.stination, or alternatively the .small still is nearly emptied by 
gravitation into tank 17 or t8. 'I'he distillate is then diverted from the 
small still and jiassed through the large still sight glass into a fraction tank 
(No. 9. Fig. 11) for about an hour. By the end of this time all the steam coils 
have been fully turned on, and yet the sight gla.ss is not full as it has been 
hithtrto. In other words distillation fails, and it is necessary to resort to 
th^ use of "live ” steam in order to drive off the rest of the petrol. Directly 
live steam'is admitted to the .still the product is diverted to an&ther 
fraction tank,(No. 8, Fig. n) and the. gravity rises rapidly from*0.765 
upwards. Thj .steam causes MNT-B and water to pass over, in which the 
proportion of petrol diminishes continuoit^ly. 'lire gravity con.sequently 
ri;.e9>«niy*in about an hour it becomes jlfreater than 1.0. This stage is called 
the “ reverse ’’ owin^ to the»fact that a Ijrownish layer trf water appears in the 
sight glass,«nperimpo.<- d on the greenish yeUow MNT-B. Half an Ifour 
after this a sd^ple is withdrawn* from the gauge-glass at "'the back of the 
still. This saijjple is distilled jp the laboratory and the fir?l few drops tested 
for petrol by a'flash Test. If petrol *s absent the steam is shiTrt off, and the 
residual MNT is run into the cflolers described*bovc and finally to a .special 
fraction tank (No. 10, Fig. tt).* . 

. •• During the passagg.of live^team, the temperature of the still rises from 
164° to 174° C. The tenjperature of the ^ater in the condenser is about 
25° C. throughout the greater part of the distillation, but rises towards tiie 
end to 30° C. gr mott. 
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As there are two large stills in "the unit here described, directly one is 
turned off from the small still the other is a& a rule ready to turn into it, so 
that the small still is continually in use, being emptied*(usualty to six inches 
in the gauge-glass) cither because it becomes inconveniently full o^; because 
the final boiling point rises above 119° Ci' J.t is this small still residue which 
.is employed in reducing the specific gravity of the MNT-B in the agitators 
<see page 38). 

TRINITRATION. 

General descript^n of TNT section. —The general lay-out of this 
Section Is shown in bigs. 12 and 13. It consists of 5 separate units (A., B., 
C., D, and E., Fig. 12), distanced 100 yards apart, each of which com¬ 
prises :— '' 

Nitration Home, containing 4 nitrators, 4 separators, 4 detoluators, etc 
Adjacent to the nitration building arc absorption towers and fanhouse, 
storage tanks for MNT, mixed and spent acids, etc., and pump house con¬ 
taining the necessary pnmi)s for elevating the MNT and acid into the nitra¬ 
tion plant. The crude TNT is conveyed in the solid state from the nitration 
‘ house to the 

IVasking House, in which the TNT is washed, dried and granulated, 
and from which it passes to the 

Packing House, in which the granulated TNT is packed in boxes which 
are stored in the 

Magazine, to await despatch. 

In i-ddition to the.se 5 units there are the following subsidiary plants:— 

Sulphite Dissolving House, in connection with those units operating the 
sulphite washing process. 

Box Factory, for the manufacture of new boxes. 

Box Store, in which returned empty boxes arc stored, examined and pre¬ 
pared for re-issue. 

Liner House, in which all returned box-liners or bags are sorted and 
shaken to remove any I'NT which they may contain. 

Recovery Plant, for treating TNT which has cither been coiitaminafed 
with dirt, etc., or recovered from the wash-water launders and settling pits. 

Steaming Plant, at which portable parts of the plant are steamed and 
cleaned before undergoing repair. 

Lead Burning Plant, whcjre scrap‘lead, after being thoroughlyc-claaned 
at the steaming plant, is melted and cast into pigs ready for sale. 

Kfluent Plant, for receiving, neutralising, and pumping away the wash 
waters leaving the nitration and wash houses. 

General otrtllne of trinitration process.— As operated latterly, the process 
(*.<*., including mononitration) has been practically a three-stage onef The 
general details can be followed out in the diagram. Fig. 14, which shows tihe 
nitration house in diagrammatic elevation. .. 

A charge of mixed acid is bjown up by compressed air into the nhrator 
and is there used to complete the nitration of the charge of nitro-body 
separated from the dctoluator, whtch'has been blown uo from an etre. throucrh 
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a splash tank, to a^storage tank fccdin^lthe nitrator. This nitro-body (here- 
aftei referred to as “DNT”) con^sts mainly l)f dinitrololucne, sufficient 
weak nitric acid havftig baeif added to the detoluatof (which thus becomes a 
dinilrator) almost to complete the dinitratipn of the MNT. When trinitra¬ 
tion is Complete,and after adeejuSte dilution with water (whi(di is necessary 
to secure proper separation of the nitro-eompiJunds), the whole charge of 
1 NT and ac^d (once used acid, or “O.II.A.”) is run to a separaton After 
standing for about an hour, the once used acid is run tp the detoluator and 
the charge of approximatefy i tofi of I'NT is run into the prclinrinary washer, 
, where it receives a wash with !too lb. of boiling water; this vjater is afterwards 
used in the detoluation stage for dilution purposes. 'I'he TNT is then 
“pelleted ” by means of cold water and conveyed to tlie wash houses in this 
form for final treatment. • , 

T<) the onct used acid in the detoluator is added a measured charge of 
so-called acid-MNT (which has resulted from a previous super-detoluation 
stage), followed by a charge of weak nitric-acid. 

After adequate stirring, the water from tly* preliminary washer is added, 
together with any further dilution water which may be necessary at this stage. 
The charge is then cooled and allowed to stand for separation to take place, 
after which the acid (twice used acid, or “T.U.A.”) is run to a super- 
dctoluator, while the nitro-body is run down to an egg and blown up to the 
DNT tank ready for feeding into the nitrator. 

A charge of rre.sh MNT is then run into the twice u.sed acid in the shper- 
detoluator, together ij'ith the final fraction of the dilution water. After 
thorough cooling, the whole charge of .spent acid and nitro-body (MNT 
containing a small proportion of DNT in solution) is run into,one of the 
spent acid tanks which is used as a separator. After allowing a sufficient 
period to elapse for .separation to take place, the acid MN'l' is skimmed off 
into the acid-MNT tank which supplies the nitro-body charge for the 
detoluators, whilst the spent acid is siphoned into a second .spent acid tank, 
wlittc the final separation takes place, after which the acid is pumped away 
to the denitration plant on the acids section. 

Fum>- mains from nitrators, separators, preliminary washers, detoluators 
and sui>er-detoluator.s are led into a battery f>f absorption towers, in which 
thtf oxides oi nitrogen are recovered as weak nitric acid which is used it! the 
nitric acid charge for the detoluators. • 

\ How-din^ram for the process, as described above, is .shown in Fig. 15 
on the opposite page. , 

In the detailed account which follflws th*e pjant will be con.sidered prior 
to the process. 


STORAGE FfJR ACIDS, MNT, ETC, 

Storage acapmmodation is provided on’cach unit for mixed acid, spent 
acid, MNT, and acid*MNT from the’ super-detoluatorS. ' 

Mixed add— Two cylindrical storage tanks; (a, Fig. 16), 20*ft. diameter 
X 12 ft. high, constructed of |-inch mild steel boiler plates, ara provided 
«1»each nitration house* • A a-ifich connection, for levelling the acid in the 
two tanks, is fitted at a height of 11 ft., giving a working capacity of 345 cu. ft. 
or 177 tons for each tank, which is sufficient to permit the tanks to tc used on 
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alternate days for the receipt and isSue of mixe(l acid. Each tank is fitted 
with a 20-inch diameter tnanhole at the oentre of thS cover, this being 
removed for cleaning ;Purposes. The fiiixed aeid is delivered into the centre 
of the manhhle through a 2-J-inch delivery pipe. The main outlet from 
the tank is 3 inches in diameter, and is fitt*d^wil& a seating projecting 3 inches 
above the bottom of the td/ik to permit the accumulation of sludge. Into 
this seiting fils a regulus metal plug, 4^ inches long and papering from 
5f-3 inches, whioh^is raise(> and lowered by an attached rod. The main 
object gf the plug is to take the weight of the rftid off the outfet cock, and 
to serve as a standby in case of accident to 4 he outlet connections. The 
swivel attachment at the top of the plug-rod is disconrifccted daily and the 
plug rdtated in its ‘seating. 'I'his has very considerably increased the 
efficiency of the plug, in so far as it prevents the dd^osition of a hard cake 
of sludge on both plug and seating. 

The bottom of the tank is provided with a 2|-inch drain outlet, fitted 
with a plug-cock. This is used for sludging, or for drawing off the acid in 
case of accident to the main fciutlet connection. '1 he tanks are filled from 
the acid mixing plant by a 4-inch main with branches to each‘TNT unit. 
Acid is received at the rate of 40 tons per Iwur, which enables a day’s supply 
for all units to be received in 12 hours. 

MNT.—The storage for MNT comprises 2 tanks (bt Fig. 16) at each 
nitration house. Each of those consists of a mild steel boiler shell, 
19 ft. 6 in. long x 6 ft. diameter, of 3,4cxj gallons capacity. The tanks are 
built up of |-inch mild steel plates, tilted with one 2-inch outlet saddle at 
the bcjttom; three 2-inch saddles on top; one 2j-inch outlet foi^use in the 
event of it being necessary to use the tank as a blow cask; one i -inch air inlet 
for the same purpose; and a 16-inch manhole frame and cover. Each pair 
of tanks is built within four bri<'k walls, on a bottom of tarred bricks, so 
that in the event of leakage the MN T is confined and may afterwards be 
recovered through a 2-inch j)ipe which jias-ses through a hole in the wall at 
the lowest corner of the enclosure. Several of these tanks have since been 
inverted, as the acid which separated out from the “ unwashed” MNT (s .c 
pa^c 27) attacked and perforated the bottom of the tanks. 'I’he oijtlct 
•elbows which were made originally in wTought iron were lilso rapidly 
correded, and have been satisfactorily replaced by cast iron. In fact, cast 
iron or lead pipes are essential for use with all nitro-bodics which have been 
imperfectly separated from acid.. 

During the cold winter 8f 1917, there was also considerable trouble and 
d^^ due to the freezing out of the<neta-i.some!!- in thg MNT, which settled 
as a sludge in the bottom jof fhe Mi'lT tank# and suction lines «o the pumps. 
The pipe-lines Ijad to be frequently steamed, and to obviftc the difficulty 
steam cpils ^ere in.stallecl in some of ijie MNT storage‘tjfnk#. 

Spent ^cid.* —Each nitration hou.se is provided with two lead-lined 
storage t^nks for spent acid (c. Fig. 16), each 2b ft. x 12 ft. x 7 ft. 6 in. 


* A more detailed description atrt drawing of this plant is given in the first publication 
of this series viz., “ Denitration of Spent Acids.” 
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deep, and with a f of twoinches towards the outlet end. All inside angles 
are fitted with 6 in. x 6 in. triangular fillets. The exit is through a 2i-inch 
boot valve at the low* end»of the tank. 

It will be convenient at 4 hi# stage to discuss the arrangements for the 
' settling of the^ spent acid in connection with the super-detoluation scheme 
(see page 63). **rhe full equipment of the tanks is shown diagrammatical^ 
m Fjg. 17. Of the two spent acid tanks, the one nearer the acid MNT 
storage tank is used for rec,piving the spent aciS from the ^uper-detoluators. 
This is kept always full, and, as each charge is pumped frbm a super- 
detoluator, the spent acid ancl acid-MNT flow over automatically into the 
second spent acid tank and the acid MNT tank rc.sppctively. Tljc spent 
acid overflow consists qf a 6 in. x 3 in. lead pipe burned on to one corner of 
the vat and running to within about 4 inches of the bottom; the overflow is 
19 indies from* the top of the tank. The acid-MNT skimming line is a 
3-inch lead pipe with branches to cach*vat, skimming taking place 3 inches 
above the level of the spent acid overflow. This gives an average depth 
of 18 inches of nitro-body on the separation tank. The spent acid is pumped 
away from\he second (or storage) tank once per shift of 8 hours. 

The weakness of the above hrrangement is that the overflow of spent 
acid and acid-MNT takes place before adequate time has been allowed for • 
proper separation. The running in of each charge disturbs the whole mass, 
with the result that MNT is carried over into the spent acid tank, while the- 
acid-MNT carries over a small amount of spent acid. The insufficierit time 
for separation also results in the aukl-MiWT carrying over an appreciable 
percentage of nitric acid on account of its high solubility, whi(;h .separates 
out in the acid-MNT storage tank, re.sulting in very .serious corr«sioi>of the 
bottom of the tank and of the regulus outlet valves. 

The scheme was not sufficiently long in operation for this difficulty to be 
overcome. The alternatives would be:— 

(1) Provision of two extra spent acid tanks and the u.se of all four 
tanks as separators, the automatic spent acid overflows from tank to 
tank being removed. The skimming of the acid-MNT and the pump- 

^ ing away of spent acid would thus take place under control after suffi¬ 
cient uftdi.sturbed settling, and not automatically, as under the existing 
arrangement. Four tanks would accommodate the acid and nitro-*body 
from 2 day?’ working, and this would permit of 24 hours’ .settling, which 
is very desirable. 

(2) Replacement o{ the lead-lined acid-MNT tank by an acid-proof 
brick-liMd tank*, or a cast iron tanK,,if coij'osion experiments prove the 
latter to\e suitable. Expcaience on the continuous process washing 
plant sug^test? that either of these materials ^ould withstand corrosion 
by the acid. 

(3) Installation o^ a pre-settling tank to accommodate one charge 
from the super-detoluator. After settling for a short time i« this tank , 
the contents could then be’ quickly ruif into the large spent acid tanks, 
so that the contents of the latter should rfot be unduly disturbed. This 
method has beep proved very efficient elsewhere. 
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The spent acid tanks need sliidging out once in three months, during 
which time about 3 inches of dense sludge accumulate. The method of 
sludging is as follows. The contents of the trnk in question are pumped 
trough the sludge valve into the second tank, a special pipe-line being 
installed for this purpose, with a brand, to each tank, as shown in Fig. 17. 
After the tank has been emptied, a joint on the pipe-line from the sludge- 
valve is broken, and the tank washed out, the sludge being broken up by 
means of a jet of water from a fire hose. In the event of an accumulation 
of solid DNT, the acid is pumped away, and a hole cut in the side of the 
tank through the lead lining. The nitro-body is then raked out and 
despatched to the recovery plant. 

Add-MNT. —An extra lead-lined tank (d, Fig. 16), has been erected at 
each unit to accommodate the acid-MNT resulting from the supcr-detolua- 



tion process. This tank, which is 7 ft. square x 7 ft. 6 in. deep, is fitted 
with a 3-inch lead inlet from the spent acid tank skimming line, and with a 
2-inch outlet leading to the acid-MNT pump. 

ARRANGLMKNTS FOR ELEVATING THE MIXED ACID. 

The outlets from the mixed arid tanks load direct through a 2^-inch line 
to the four mixed acid eggs (e, Fig- lO), for supplying the four nitrators, the 
acid charge for each nitration bein§ one egg-full. In the event of this 
proving too much (as it would do if the mixed acid com[)osition were altered 
m\he direction of inctea.sing,the UNO;, contc-nt) the working capacity of the 
egg may be reduced eitheV by— 

.(a) reducing the length of the dip-jlipe inside the egg: or 
(b) reducing the actual capacity of. the egg by the introduction of 
a number of acid-proof bricks. 

Plug-cocks are inserted in the V>ipe-lines ffom each' mixed acid-tank and 
«lso to the branch lines to each egg. The glands of these cocks need pack¬ 
ing about three times weekly, ob account of exoosure to the weather; ' 
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Each egg is 7 ft. ? in. long x 4 ft! internal diameter, and has a capacity 
of approximately 610 gallons. It is constructed of^-inch mild steel plates, 
and is provided with three steehsaddles, the first 1 inch'in diameter, for the 
admission of compressed air; tljc second, 32 inches in diameter, for the dis¬ 
charge of a?id; and the third, 2^ in<dieS in diameter, for the admission of acid. 
There is also a i^^nch drain outlet and a 16 in. x it in. manhole. Under 
normal conditiogs an egg fills in about 10 minutes, and is omjitied in about 
12 minutes. It is constructed to withstand a prassure of Sp lb. per sq. in 
The acid (specific gravity i.?45) has to be raised 36 feet, and this can be 
4ccompli.shed by a pressure exceedii^ 36 lb. per square inch; the normal 
efficient working pressure is 40-50 lb. per square inch. 

The supply of compressed air to each mixed acid egg*s controlled from 
the. nitration platform, alongside the correspondiug nilrator (see Fig. 22). 
The air Jine between the control valve and the egg is provided with two 
exhausts for rclca.sing the pressure, one bwthc nitrator and one near the egg, 
the second acting as a safeguard against blowing up a charge of mixed arid 
into a nitrator already full. 

NITRATORR AND SlTR^RiniARY PLANT DETAILS. 

The general arrangement of the nitrator and its feed tanks, pipe; and 
valve fittings, etc., is shown in Fig. 18, and further details of the nitrator and 
stirrer in Fig. 19. 

Nitrator. — J he nitralftrs, detoluators, and ifhper-detoluators are identical 
ill all respeetj Each consists of a cast iron vessel, i| in. thick, 6 ft. 7 in. 
in diameter, and b ft. deep, with a rounded base. The cast iron_^hfis with- 
.stood the conditions very satisfactorily, corrosion being only slight in any 
case, and then mainly at the level of the acid prior to diluting the charge 
after nitration is complete. The greatest number of charges worked in any 
one set is 3,195, corresponding approximately to 3,200 tons of TN'F. 

The nitrator is cast in two parts, a base and a cylinder, the two being 
bolted oigelhor by means of a faced flanged joint. The joint was made 
ori i^ina ltv with i-inch blue asbestos tape which had been soaked in silicate 
of so?a .solution. A joint made in this manner lasted on an average for i« 
n.onths. The experiment was then tried of replacing the asbestos with strip 
lead. This lasted slightly longer than the a.sbestos, but ultimately needed 
repir...crnint, 011 account of the lead “creeping.” 

The nitrator covers have not refiiiiredrenVwaR ^ut after three years’ wear 
show -ngns of comisioii .it the entry of coils, due to condensation of weak 
nitric acid at thii point, and round J:he wat.(»r funnel, due to ihe w.ater splash 
ing and drip.s. \ -ectangular holejn the covef, flashed round witlf thin 
sheet lead and clo.scd by a light .sheet iron lid, serves for samplinsr. 

onmwe uror .—.-stirring is ejjected by means of a'screw i^.uudler, 
20 inches in diameter and with a pitch of 24 inches, whicji rota4s at 160 
r.p.m. insitle a vertical cast iron cylinder, 22 in. inside diameter x 22 in 
deep-(Fig. ig)?. latter is supported on three mild steel legs, so that the 
bottom of the cylinder is 8 inches above the bottom of the nitrating ve.s.sel 
and one inch above the level of the cast iroajrrid which <ilinnrkrfe 
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The jjropcller is built up of cast iion boss with mild steel blades, and is fixed 
to the end of a 2^-inch vtrtical shaft belt-driven from a counter-shaft, which 
in turn is driven from a main shaft running the full length of the nitration 
house. The propeller lifts the nitro-body and acid from the propeller 
chamber, and in order to break up the core of the liquid, a disrupter blade, 
cejnsisting of a piece of twisted 3 in. x f in. flat wrought iron bar clipped to 
the shaft, was originally fitted to the shaft just above the top of the chamber. 
This was found to give unsatisfactory circulation on account of the eoinplete- 
ness of the interference of propeller and disrupter. 'The latter has since 
l)i;en altered so that its action is supplementary to that of the propeller. , 
Efficient stirring is very necessary, on account of the considerable^' 
resistance to circulation caused by the coils and the grid on which they stand. 
'I'here is ti danger of the girculation being effective only in the centre of the* 
vessel, the outer ring of liquid being left almost undisturbed. This actually 
happened when the propeller and disrupter worked counter to each other. 

(hiilet and Three-Way['.ock.- -The outlet from the nitrator is 3^ inches 
in diameter, and is tapered to form a seating for a regulus metal plug valve. 
A 3j-inch diameter cast iron bend connects the outlet to a 3-way steam- 
jacketed ca.st iron glandless plug-cock (Figs. 20 and 21). The case of the 
latter is cast with snitJible guards, so that the operating lever, which is inter¬ 
connected with the regulus metal plug valve in.side the nitrator, cannot be 
reiii(<ved from the slot in the plug of the 3 way cock without bringing the 
regulus metal plug back inlo^ts seat. 

Considerable trouble was at first experienced with the 3-way cocks due 
to:— 

(i; Seizing of the plug in its seating. —This occurred when steam 
bad been ajtplied to the jacket. Ex{)eriment proved heating to be 
unneccsstiry and the steam has since been cut off. 

(2) Corrosion of the large face of the plug. —This difficulty was 
overcome by the introduction of graphite in the lubricant, which reduced 
the rate of corrosion, and when this did occur made the scat 
sound by filling up the corroded parts. 

Originally cylinder oil (A..A. Oil Co.'s (xxiW) was used as a lubricant 
for the 3-way cock. T his, however, was found to lack body and was dis- 
c(»ntinucd in favour of ICxtrwHccIa Cylinder Oil (A.A. Oil Co.’s), which was 
more viscous, but which p/oved unsuitable on account of the fact that it con¬ 
tained nitratable oils, to the presence of which were attributed two fires which 
occurred in the drip-trays below the cocks. After much experimental work 
a satisfactory lubricant was arrived at, which increased the life of the 3-way 
cocks, from 200 to 1,200 charges. The mi.xture. consists of 45 parts of 
Dixon’s No. 2 Flake Graphite with 55 parts of mineral jelly. Whereas this' 
('ompOsitgm was suitable for use in summer, it was modified to 60 parts of 
mineral jellv with 40 parts of graphite in winter, the former mixture being 
too viscous for easy application during cold weather. 

Worn out 3-way cocks proved capable of sepair by re-boring the bodies 
and fitting new plugs. 
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Nitraior The tWo outlets from the 3-way cock are connected 

to the separator and drowning pit ^ means of 3-inch v'sst iron and 3-inch 
lead pipes respectively (Fig. 21). Efach of these pipes is fitted with a ^-inch 
air-pipe with 3/16-inch nozzle.-.’ The^air connection tb the drowning-line is 
used after each s^pyation to make' certain that the line is clear before com¬ 
mencing the next nitration. The connection to the run-off pipe to the 
separator is kejJt slightly open during the whcle time the contents of the 
nitrator are being discharged? This connection Was installed^ to meet the 
difficulty which arose whenever a nitration charge needed to be ‘ reinforced 
.ifrith a further quantity of mixed acid. Reinforceinent necessitated running 
off a part of the acid to the separator. When sufficient acid had been run off 
and tihe 3-way cock closed again, an oscillation of pressure took place in the 
run-off pipe, the positive pressure of which tended to throw the plug of the 
cock out*of its seating, with a danger to the person conducting the operation. 
The supply of compressed air nullified tlfis effect and entirely removed the 
danger. Once installed, it was necessary to keep the compressed air valve 
slightly open during alWlischarges of the nilrator in order to prevent 
blockage of the nozzle with TNT. 

• 

DNT splash tanks. —The DNT is elevated from tly; cast iron egg below 
the detoluator into a cylindrical splash tank from which it flows into the 
m^asuriog tank feeding the nitrator (Figs. 14 and 18). Each splash tank 
is 2 ft. in diameter x 2 ft. 6 in. mean depth, with a fall at the bottom of one 
inch towards the outlet, &nd is constructed of 3/16-inch mild steel plates 
with welded joints. The outlet from the tank leads into the DNT measuring 
tank by a bond without valves. A steel cover is fitted to each splash tank 
with a centre opening 3 inches in diameter for the discharge of air IPading to 
a common air exhaust main running the length of the building and discharg¬ 
ing into the atmosphere. 

DNT measuring tanks. —The DNT measuring tanks (marked "MNT 
measuring tanks” in Fig. 18) supplying the nitrators consisted originally 
of mjljisteel cylindrical vessels 3 ft. 6 in. diameter x 3 ft. 3 in. mean depth, 
having a slope *»f 2 inches towards the i^-inch outlet, which was controlled 
by a plug cock fixed to a boss welded on to the tank. Gauge glasses were 
fitted to <T.-h tank but proved of little value owing to the solidification of the 
DNT in the glass; hence they were cut out. On the introduction of the 
higher gravity DNT from the detoluaSors.'the tjnks were provided with 
i-inch steam coils 1o prevent the DNT from setting. The life of the tanks 
was about to months, and the bottojn corroded quickly, this being accelerated 
by the accumulatioe of sludge. *RepJacements consisted of lead tanks,*4 ft. 
diameter x 3 ft. 6 in. deep, supported by 3 wrought iron bands; these have 
givA jntire satisfaction., 

DNT funnel. —The DNT funnel (Fig. 18), whi(;h was or^inally rnade in 
lead, is 8 inches in dirfhicter tapering to inches, and is fixed to a lead pipe 
18 inc'hes long which passes below the level of the mixed acid charge in the 
nitrator. The lead funnel bdl;ame misshapen and collapsed at thy burnt 
joints, and^vas replaced by a similar funnel in regulus metal. 
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Water measuring tank.— The water m^suring .tank (Fig. i8) is a 
rectangular mild ^eel Vtesscl, 3 ft. ^ 2 ft. 6 in., provided wim a i^-inch 
diameter outlet controlled by a plug-cock on*a delivery pipe. As the gauge 
glass was of little service owing to the heighLpf the tank above thg operating 
platform, an adjustable automatic ov<?rfl*w was provided. This consisted 
of a vertical swivel afttachcd to the inside of the tank at the'existing overflow 
point, and provided with a ij^-inch wrought iron pipe 12 inches long, screwed 
into an elbow, Which could be raised or lowered according to the volume of 
water rc(]i*iircd. The overflow pipe was disjointed near the nitrator, and a 
funnel fitted to receive the overflow, So that when thp required volume of 
water wa.s in the tank the overflow was always within easy view of the 
operator, and the water supply could be turned off. This arrangement is 
shown in Fig. 22, together with the general arrangement of the nitrator and* 
its feed tanks. 

Water A/wmc/.—T he water funnel is of lead, fixed to a t ^-inch lead pipe 
which is extended 20 inch^js above and below the lid. The life of these 
funnels is short (14 days), due to :— ** 

(1) Corrosion near the lid caust-d by condensation of dilute nitric 
acid on the unde/sidc of the lid and the wash up of weak diluted acid, 
the latter effect being more marked when nitration charges were 
increased, and the nitrators were used to the limits of their capacity. 

(2) Corrosion of the inner walls of the stem at the level of the 
liquid inside the pan. This is to be accounted for by the water drips 
from the measuring tank, which diluted the undi.sturbed mixed acid 
iw-tili; stem. In order to overcome this, the water pipe was fitted to 
a swivel, so that it could be .swung clear of the nitrator, with the result 
that the life of the funnels was increased to about tw'o months. 

A less corrosive metal could not be u.sed for the water funnels as it 
was necessary to curve their stems according to the jjosition of the coils 
inside the nitrator. 

« Cooling and heating coils. —Each nitrator is provided ^vith four con 
tenfric coils, each con.sisting of 11 turns of t^-inch lead pipe wound at 
a pitch of 4 inches. The details of the st'paratc' coils are given in the 
following table:— 


% 

• Length 

/ 

Intern,!! 


Coil 

1 liameter of pine. 

Volum*!. 

surface. 

No. of 

No. 

ft. ft. • 

au.,rt. 

• sq.ft. 

supports. 

I> 

6 .... * 208 

. ASS 

8» 

12 

2 

... Vs ... m ... 

3.80 

... ,68 

10 


V 4 ... 139 ... 

3.04 

.s.s 

8 

4 

3 ... 104 

• 

2.27 

« 

... 41 

6 


Total cooling surface 


246 sq. 

ft. 


Gross ca])arlty of nitrator 

r= 

184.5 fH. 

ft. 


Volume of coils and supports V= 

'3 3 ni. 

ft. 

f 

Net capacity of nitrator 

— 

171.2 Ctl. 

ftr 




V 
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The three largest coils are used as water ccjils fot-cooling purposes, 
and the small coil mainly ^ a steam heating coil, llie latter is connected 
to the water supply, howe^r, and may be used a/ a cooling coil in an 
emergency. Usually one coir^No. ^ sulhces for couirolling the temperature 
during nitration j The coil supports were originally m jde in lead, burned on 
to the piping, the coils being supported on a cast iron grid constructed in 
four sections (jt^ig. 23). The cast lead, thoujjh satisfactoryJn the case of 
detoluator coils, did not withstand satisfactorily the high temperature in the 
nitrators. The coils at i)resent ^re supported by means o! cast iron 
standards which resfron the grid previou.sly referred to. Each coil support, 
the details of which are shown in Fig. 23, is in two halws which are bolted 
together with wrought iron bolts, lead bushes being inserted at the points 
where the lead pipe passes through the supports. The sujiports arc kept 
in position by % wrought iron bands, bolted to each support, thus giving 
rigidity to the finished coil. The cast fron standards have given cfjmplcte 
satisfaction in the nitrators. There have been no signs of collapse, aftd the 
only signs of corrosion 4 i:g^c been on the bands ?ind .standards (on coils Nos. 
2 and 3) in the proximity of the bottom of the water dilution pipe, and these 
were renewed whenever the coils were replaced. 

A new set of coils is installed when tw'o of the set are out of commission. 
The remaining coils, if otherwise sound are put to furtTier u.sc in a detoluator. 


t Di/i/rc/ioii.'i /n roils .— 'I'he water mains feeding nitrators and 
detoluators are b inche»in diameter, and from these mains 4-inch branches 
are taken off at each nitrator and detoluator. 'I’he.se branches ri.se vertically 

i 



to a point just below ♦he operating [)latforms, where a contrgl vaTvc is 
situated. The distributing headbr is connectedyit this point, and supplies 
i^-inch branches which are coupled to the inlets of the fo^r coils, each inlet 
being controlled b\ a valve. The i^-inch branch to No. 4 coil is fitted with 
a i-tnch steam connection between the coil and the*plug-cock. A |-inc.h 
compressed air line is also coftnected to the header, between the 4-inch valve 
and the i^-mch control cocks, this heiijg u.sed only for testing theelils (Fig. 
24). The coil outlets (shown in Fig. 22) are similar in size to the ii|lets, and 
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arc coupled together by a similar arrangement,'No. 4 coil being fitted with a 
i-inch steam exhaust in addition. 

The inlet and ouJet of each coil is markfld with a number in order to 
avoid confusion, and a safety device^simila."^ to that shown in Fig. 25 is 
inserted between the inlet valve and the coil in the cases of Nos. 1, 2, and 3 
coils, to show that water is actually passing through the cofl when the valve 
is opened. 

Wear und tear. —Ci)nsiderable trouble was experienced when the plant 
was first operated, by the flattening, biusting, corroding, and generally short, 
life of the cooling coils, })articularly in the trinitrators. The following were 
the chief sources ot trouble : — 

(i; Fiattening of the coils due to the high temperature (120° C.' 
nia.vmuim) and too great a vacuum (20-25 inches of mercury). 

(2) Flattening of the upright portion of the coil inlet, due to the 
sudden high vacuum produced by closing the plug-c.ock after the neces¬ 
sary cooling had been effected. 

(3) Flattening of the coils at the initlet, due to the high vacuum 
and temperature {)reviously rt ferred to, together with the unsatisfactory 
arrangement by t.hich the coil outlets crossed and rested on each other. 

(4) Swelling of the bends at the bottom of the mlet lengths of the; 
coils, due to the water-hammer jtroduced on closing the plug-cock. 

(5) Swelling and bursting of the steam coils, especially at the 
bottom rings, owing to leaky .ste.am inlet valves and the coil not being 
cleared of water before turning on steam. 

(6) (’orrosion of the inlet and outlet lengths of the coils, due to 
the water used in washing the top of the lid, and the condensation of 
dilute nitric a<'id inside the nitrator. especially on the coil inlets. 

(;) Corrosion of the ca.st iron supports and middle bands of Nos. 

2 and 3 coils below the end of the water diluting pipe, due to the ma'kcd 
local dilution. 

'I'he following remedies were adopted, whereby the average life of a set 
of coils was increased from 330 to 1,100 charges :— 

(1) The maximum lemf)erature of 120° C. was reduced, at first to 

110° C., and later to ux)° C. • 

(2) A release valve was fitted to the lullet water main, which came 
into operation at a vacuum of 13 inches of mercury. 

(3) 'fhe inlet arms ot the ciiils were made of much heavier lead 

»(28 lb. per yard). 

(4) The w'ater-hammer effect on clo.sing the coil inlet valves was 
Vninimised by replacing the jilug-cocks by slower opening valves. In 
addition, i-itich pet-cocks were introduced on the inlet side of the coils. 
These cocks w'ere fitted with a plug drilled with a |-inch hole, the‘rush 
of air through which effectually prevented 4 he water hammer. The pet- 
coc(;s v'cre shut when the coils were on pressure water f.S (4 later). 
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(5) Steam valves were examined weekly and repaired when 
necessary. 

(6) The crossing over 04 me cons -was avoided by rcviTsing the 

connections to the outlet heades. 

• i 

• 

resting of toils —new coils are installed, the nitrator is filled with 
water above the top of the cpils and examined for leakages. 4 >)y maintaining 
an air pressure of 30 lb. per sq. in. in the coils for 10 minutes, the^iain out ct 
and inlet valves l)Cj,ng kept closed^ A .i-mch air connection 111 the inlet 
water header is provided for this purpose. 


WATER SERVICE IN NITRATION JHOUSES. 


In Tirder that there shall be no possibility of water entering the nitrating 
vessel in the event of a coil bursting, the water system is so arrangi-d that the 
water is sucked through the coils by meaiis of a vacuum pump, instead (it 
being forced through undcT pressure. I'hc pflncipal water supply for the 
cooling coils is obtained from the River Dee, and is pumped up into two feed 
tanks (X) ft. above grouild level, earh of 300,000 gallons capacity (g, b ig. 1 3 )- 
From these tanks'the water (lows thrtiugh ball-valvqs to break-level tanks 
(one supplving th(' nitrators and one the dctoluators), in which the water level 
*is nlaintaine^^l fcTi' inches below the uppermost level of the cooling coils 
which arc served by it. 'I he suction end of the pump is connected to The 
coil oiulcts, the vacuumIx ing maintained by tVo Worthington pumps, work¬ 
ing alternatiycly. In the event of both pumps breaking down, or of failure 
of slcam it is ijossiblc' to cut out the break lev('l tanks and to run ifw,’' (oils on 
pressure’water from the high level feed tanks at the pumping station. 
Pres.sure water is also available, from the town main; this, how'ever, is used 
only in an emergency. The gem'ral arrangement of the water service is 
shown in Fig 26. and the iw thod of changing over from .suction to pressure 
‘upply is si-t cut in the water diagram. Fig. 27. 

Th. 'ciaiivc cooling values of river and town water are indicated by the 
•follojving water temperatures taken ii. June, 1917 :— 


-I 

8 




r Atmospheric temperature in the sun ... 

\ I'cmperaturc of river water at intake pow tide) 
•) „ „ reservoii ... 

( „ „ .. ."I)-unit.* 

r „ flood-tide ..« 

I’’"*' ( „ tour, suwply . 


28'C. 

2I.5'’('l. 

2o.8"C. 

2o.5"C. 

2I.^C 

1 2'’C. 


location of*a Imrsl roi/.--lhb first indicatums (if a leaking 
okained at the Worthington pumps, which are provided with small pet- 
cock* fitted to the uppef or discharging comfiartment, and by mcivis of which 
the water which has been u.sqfl fo*r cooling purposes can be tested for acidity. 
This is done every half hour. The test does not necessiirily lead to imme¬ 
diate detection of a leak, as the coils (especially those in the nitrators) are 
used disc.ontinuously, and it may be some hours beTore the leaking coil is^ 
in use at the time the pump is te.sted. Leaks in lead coils, however, arc 
insignificant at first and develop slowly, and this method of testing’has been 
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found to reveal all leaks before they becoihe serious. When a leak is 
detected, the location of the coil effected is determined as follows:— 


(a) The water in the break-level tanks is tested, as this may be acid due 



A. Reservoir Main Valve. 

B. Town Water Valve. 

C. Town Water Main Vglve. 
I). House Supjily Valve. 

E. Tank to Nitrator Coils. 


F. Main to Nitrator Coils. 

G. Emergency Outlet from Coila. 
^H. Tank to Detoluator Coils. 

I. Main lo Detoluator Coils. 

i 


To use emergency supply 

To Nitrators:— * To Detoluators:— 

Close E—open F and G. Close H—open J and G. 


to the acidity of the river wafer or to leaking siiper-detoluator coils, the watei 
from which is di.s(harged into tht.se tanks. 

(b) 1 ho cooling system is changed over to pressure water supply, and 
the V atcr from each eoil'is tested by means of the pet-cock fitted to the outlet 
header. If the leak is slight, care must be taken to test the^rst water 
running fflora the coil. 





■J ax 
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SEPARATOR AND SUBSIDIARY PLANT\ DETAILS. 

r 

Separator. —The separator consists of a rectangular cast iron vessel 
7 ft. 6 in. wide x 4 ft. 3 in. mean depth, the bottom being slightly rounder 
across the width, and having a slope of inches in the length towards i 
34-inch diameter*cnitlet. The separator is cast in two pieces, being split bj 
a horizontal flapged joint near the base. This joint was made originall) 
with i^-inch asbestos tape, which lasted about ^18 months; aR.-ncwals wert 
made with strip lead (see page 49). 'I'o the outlet is fitted a cast jron elbow 
with a regiilus metal glug and seating and a 3-way cock, so that the contents 
■ of the separator may run either to the sight box or drowning tank. The geai 
operating the plug-valve and 3-way cock is inter-connoeted ifti in the case 
•of the nitrator (see Fig.*28). TwoT-inch steam coils arc provided, which 
rest on j^sheot of#i 2 lb. lead. The separator, whicn^s insulated with a 3-inch 
coating of a.sbcstos lagging, is covered \iiith an aluminium lid (Fig. 28). 

Separator outlet and sight-box. —'I'he three-way cock is connected by a 
cast iron pipe to a cyRnclfica'l sight-box (shoi*n in Fig. 28). I'his was 
originally 18 inches in diameter and 30 inches deep, constructed of 20 lb. 
sheet load, but this material was latcT replaced by cast iron, which has proved 
far more satisfactory. The outlet Icacis through a 3 way cock alternatively 
to the once-u.sed acid line feeding the detoluator, or to the TNT line leading 
i»i 4 o the,pelleting vSt. Hoth these lines were at first made of lead, but this 
material was later replaced res[)ectivcly by cast iron and silicon-iron, sinte 
when m. trouble has beefl experi<‘nc.ed. • 

It may here be n'lnarked that continued exptirience in the working of the 
plant, as originally laid down, has resulted in the replacement of lead piping 
by wrought, cast, or silicon iron in almo.st all cases in the nitration house. 
Not only do these metals ])rovide greater rigidity, but they are capable of 
easy support, and withstand the neci'ssary wear and tear nr.'.ch more satis- 
f actoi ily. Ease and (|uicknttas in replacement is es.sential, and the difficulty 
of lead-b’arning in an explo.sive building is thus obviated. 

DETOLUATORS AND SUBS.'UIARY PLANT DETAILS. 

• 

Detoluator*— The detoluator, Fig. 29, is similar in every respect to the 
nitrator, except that it has no drowning line, and the outlet valve, which 
was (.ij^Lally a steam-jacketed 3-inch cock, has since been replaced by a 
3-in.:h regulus metal fiol-valve. When the higher gravity DNT was intro¬ 
duced there was occasional^blockagc nn tfie lo^'cr part of the pot-valve. 
This was difficul'. to cleai without removing the pfug, which was an exceed¬ 
ingly dangerous oraetke unless tfie detoluator was empty, and specially 
designed 3-inch aH cast iron g’aic-vajvcs (shown i»f ig. 29) were introduced 
satisfactorily as replacements became necessary. Corrosion i« more evideit 
.in fhe^case of the detolyators, due to the introduction of weak nitric acid 
with inefficient stirring. 'I'his results in the eating away of tlfe vertical 
stirring shaft at the acid level. The coils in the? detoluator last somewhat 
longer than in the nittators on account of the lower reaction temperature, the 
life ih this case being about 1,250 charges. 

• 

MNT measuring tanks. —The original tanks rested on weighjiridges, 
which necessitated the run-off being disjointed from the pipe delivering 
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M N T to the detoiuator. The weighbridges were afterwards removed, being 
far from satisfactory, and the tanks were replaced by somewhat larger 
cylindrical mild-steel tanks, 3 ft. 6 in. diameter x 3 ft. 3 in. mean depth, 
with a capacity of about 2,300 lb. of acjd-MNT of i .20 specific gijavity. No 
trbuble due to corrofion was actually experienced in the case of these tanks, 
but corrosion would almost certainly have arisen in time owing to the acidity 
of the acid-A^NT. Such corrosion could be minimised by increasing the 
spent acid storage capacity, as suggested on page 47. In the event of this 
measure proving inadequate, lead tanks would be essential. Approximately 
one inch of sludge accumulates in these tanks per month. 'I'his sludge il 
gritty, and passes^nto the i^-inch outlet, damaging the face of the regulus 
screw-down valve situated above the detoiuator plajform. This trouble has 
been overcome, however,'1)y fitting the valves with renewable rubber seats.* 

Water dilution tanks. —'I'hesc hre similar to those supj)lying water to the 
nitrators. 

Nitric acid pipes. —The pipes supplying weak nitric acid from the 
receivers at the absorption towers to the detoluators are of two types, silicon- 
iron and earthenware, both 2 inches itj diameter, and controlled by two 2-inch 
silicon-iron cocks or c'arthenware block valves at the receiver and detoiuator. 
The pipe is run directly into the detoiuator, dipping on® inch below the licj. 

sight glass is inserted in each branch-line between the cock 'and the 
detoluating vessel. The earthenware pipes proved the more satisfactory, 
the silicon-iron pipes proving somewhat porous. The latter were conse¬ 
quently Jtreated with silicate of soda before being erected, thb joints being 
made with an asbestos ring soaked with silicate of soda. 

Sight-boxes. —I'he sight-boxes for the detoluators (Fig. 29) arc of lead, 
similar to those originally installed at the sepayitors; these have not needed 
replacement owing to the much lower temperature to which they are sub 
jected. The sight-box has a 3-inch exit for spent acid and a 2-inch .side 

exit for DNT. 

• 

Spent add pipes. —The spent acid pipes from the sight-bo?ces are 3 inches 
in diameter, leading to a common 3-inch main to the spent acid tanks, with 
branches to the super-detoluators. All these pipes are supported on 
channel irons. The only jroublc cwcrienced has been due to blockage on 
account of the accumulatifin of DNT in the pipe, this being due to the lack 
of fall on the spent acid pipe. For thw; reason, the pipes are flanged in 
lengths not exceeding g^it., with a*branch for steaming purposes. The 
brandies to the two supcr-detoluatofs stre controlled by vinrh all cast iron 
g^te-valves. * ’ 

_ t 

DNT egg.— -.^fter ranging off the spe/il acid from th(' debiluator to the 
.super-detoiuator.^the DNT is run down to a cast iron egg, 2 ft. 8 in. diameter 
X 6 ft. 7 in. long,*with a manhole and rover at each end, .see generalarrange- 
ment Fig. 14. The'capacity of the egg is 191 gallons. Four 2-inch 
' diameter openings are cast in the body of the egg, one for admitting the 
DNT , dne for the dip-pipe, one for t|;e’compressed air inlet, and the fourth 
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(a spare) being blanked off. *rhc metal is inches thick, all joints being 
machine faced and made witi\ asbestos soaked in silicate of soda. 

At one time, a certain amount of trouble was experienced, due to the 
setting of ffie high gravity DNT ui <^ggs. particularlj; in cold weather. 

It was first sought tp Overcome this by enclosing the egg in a 4i-inch brick 
wall, the tank so formed being filled with water which was heated by an open 
i-inch steam-pipe. The walls collapsed, however, and the next attempt 
consisted in totally enclosing'the egg by brick walls and a tiled cover, the 
enclosed space being kept warm by means of a steam radiator. ' This was 
quite successful, no appreciable fall in temperature taking place, even when 
nitrp-body remained in the egg for several hours. ^ 

* I 

DNT pipes. —The DNT delivery pipe from the DNT egg to the nitrator 
splash-tknk was originally a i^-inch unjacketcd wrought iron pipe. The 
diameter of this pipe was afterwards incleascd to 2 inches. This delivery 
line was jacketed by a 4-inch pipe, and heated by a ^-inch wrought iron 
steam-pipe which ran between the delivery line and the jacket. The heating 
was necessitated by the higher setting point of the DNT. 

• 

SUPER-OETOl.UATORS. 

These vessels are similar to the dctoluators except that only 3 cooling 
emls arc provided, the largo coil being omitted. Cooling water is supplied 
under pressure from the nitrator supply-tank, and returns to the detoluatbr 
supply tank. * 

After super-dotol nation, the whole charge of spent acid and nitro-body 
is pumped from the vessel to the spent acid tanks by means of a direct driven 
lo^-inch impeller centrifugal pump. The general arrangement is shown in 
Fig. 14. 

1'liEl.IMlNARy WASHING PLANT. 

The TNT from the sepifrator sight-box at one time passed directly into 
the pelleting vat. In the nitration houses provided with preliminary washing 
plant, however, the TNT is given a preliminary wash with hot water before 
pelleting. Each fireliminary washing plant comprises a washer,‘sight-box, 
and hot water tank. • 

Preliniiqjury washer. —This consists of a cylindrical silicon-iron vessel, 

4 ft. diameter x 5 ft. deep, having a roundejl base. The vessel is cast in two 
pieces, with a flanged joine which is bade witS.a strip of lead and acid- 
resisting cement. The plant jvas pot in operation long enough to determine 
the effective life of ihfe siliconjron nfeterial used, or its suitability for the 
purposes of prelftninary wasWng. • There were ’certainly signs of shrious 
cogrosion, and it was intended, had the pots needed early renewal, to replate 
' them «nth wooden vats ®r cast Iron tanks lined with acid-proof brinks-, similar 
to the TNT storage tank at th# continuous washing plant (see page 81). 
Each washer is fitted with two 2-inch inlets,. 11 inches from the top, for the 
intrqduction of TNT from the two separator sight-bo:fte? feeding the set; 
two 2-inch outlets, 22 inches from the top, one for each detoluator fed by the 
set; and oqp 2-inch outlet dt the bottom, for the washed TNT passing ’ 
through the sight box to the pelleting lank. All connections and cocks are 
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of silicon-iron. An agitator is provided, 24 inches in diameter, the later 
type of which is made ih silicon-iroe and has a disrupter blade of 3b inches 
pitch. A steam-pipe of 2-inch silicon-iron, pcHorated at its lower end with 
two Jf-inch holes, is provided for heating'the charge. „ 

• 

Sight-box. —This is rectangular in shape and also of silicon-iron, 15 in. 
X 9 in. X lb in. deep, with an end inlet and a bottom outlot, through which 
the TN'r flotvs to the jicMeting tank by means of a 2 inch silicon-iron pipe 
(Fig. 14).' 

f 

Hot tank. — A. 50 gallon galvanised iron tank is firovided to supply 

hot water to the washer. This is pryvijtled with water and steam inlets, and 
with a water outlet. r 


PELI.ETING VATS. 

Construction of vats. —Each nitration set is provided with a pelleting 
vat constnieted of pitch piiie of inside dimension.', 9 ft. x 5 ft. x 3 ft. dei'p. 
The method of draining the water from the vats is by means of a wood 
draining box fitted to the bottom of the Vat. I'his consists of a rectangular 
box, 4 ft. X 1 ft. 6 in, x 1 ft. b in. deep, which is filled with quartz (Fig. 30). 
Through one end of this, at tiboiil (> inches from the bottom, is fitted a 3-inc.h 
perforated lead pipe reaching thi‘ length of the box. (in thi' oul.sirie of the 
box this pipe is reduced in diameter to 2 inches and is filti d with an earthen 
ware plug-cock, this being operated to drain the tank, lletween the earthen¬ 
ware cock and the end of the drain box, a 1 in< h compres.sed air connection 
was firstof all provided, the intention being to blow back the .small particles 
of TN'r w'hich tend to choke the perfonitions in the lead pipe. I'he ;iir 
connection was afterwtirds changed to a 1 ^ inch wtiter fiipe connected to the 
general water .service, as it was found to be much more effective to wash out 
the .small TNT partiejes than to attempt to bh-vv the perforations clear; this 
wash-back connection is utilised for filling the vat with water. 'I'he 'I'NT 
is pelleted bv me,ans of a 1 -inch swivel iet, connected to the water sunnK 

(Fig. 30).. ' 

Method of emptying pelleting vats.— I'he vats were origimdiv .so 
designed that it was ncce.ssary to dig out the iielleted 'I'N'l' (“peHiti‘”Vwith 
wooden .shovels, :ind dischtirge it through a plug hole, t 2 inches in diameter, 
in the bottom of the vat, the I'N'l' falling throjiigh a chute into tip-wagons 
on the basement floor below. The task of di.scharging the pcllite was much 
facilitated by providing a door in.onc'encl of the vat, and drawing the TN'f 
over the plug hole by rneans of an iroij rake inserted thniugh the opening 

(Fig. 31). 

In the design and construction of the late.st irellqting vats full advantage ■ 
has been tfiken of the e.xpericnce gainr-d in, operating the older tyjies. 'fhe 
principal advantagcis of the new,type (Fig. 30)'are as follows :— 

^ C ♦ ” 

(a) F.fficient drainage by means of the drain box, and methotl of 
filling the tank with water through the wa,sh-back connection. 

(b) ^ I'.ase in discharging the TNT from vat to tip-wagon is secured 
by building the vat with an im'lined bottom, and raking the pcllite' 
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direct into the wagon through ^e rectangular opening end of 

the vat. The opening ^ surrounded by a cast-iron frame, which ‘^arrws 
a door of the same material. The door is closed and made water-ti^t 
by means of a single wing-nut and screw; the weight of the door is taken 
•by the hinge between the door and the frame. 

Draught arrengementj. —Each pelleting vat is provided with _a light 
heet iron hood, which cornmnnicates by means tjf a damper with a 24-inch 
iuct, through Which a'suction is induced by a pottery ejector. 1 he latter 
s supplied with air by a fi-inch branch from the fan used m conneiTion with 
he absorption towers. The fumes from the pelleting pt^ss, which con- 
auTvery little nitrons fymes, are discharged direct into the atmo.sphere. 

Operated on the above lines, the pelleting phicess, which gives^ rise to 
jxtremely obiectionable, fumes, is carried out with the minimum of iniHin- 
iienience to operatives, and it will be sft'n from Fig. 31 - which .shows the 
ncthod of emptying the earlier type of vat.* that the operation is conducted 

with absolute freedom from fumes. ’ ’ 


DROWKINT, TANK. 

In view of the possibilitv of the ti'mjieraturc of a charge in a nitrator 
getting out ef control, and the desirability of running the charge into water, 
Stlrowrting tank isln.stallcd at each unit. Thus tank is 25 ft. x 20 ft. x 
7 ft. 6 in. deep, with 18-inch brick walls incrrasing to 27-ineh at the base, 
built in cement except for tlu' inner course whii-h is built in pitch. 1 his was 
unsatisfactory, and in one or two units in which the drowning tanks have 
leaked badly, the joints have been raked out and re-i)ointecl with aild-proot 
cement, w’hich has held satisfactorily. 


PUMP HOUSE. 


The pump house adjoining the nitration house Contains 2 centrifugal 
pumps with io\ inch impellers,' which are direct-coupled to enclosed motors. 
One of the.se pumps delivers .spent acid to the denitration plant mthe Acids 
^Section, and the other performs Iwt) duties, viz., elevates MNT from the 
MNT storage ^ank to the siiper-detoluator measuring tanks, and the iicid 
MNT from its storage tank to the detoluator feed tanks. These pumps have 
been operatcyl verv successfiillv, and have pr ived particularly suitable for 
the duties required. The only trouble experiqpccd with them is due to 
leakage at the gland. whlch*requires re-p.Trking ewery 5 days in the case ot 
the MNT pump, and every iQ days in thf case of the spent acid pump, ?.c., 
after discharging uj.wards of 1,000 tons’of acid. The packing m.Verial 
found most suitable consists of^-tneh blue asljestostorf boilgd for 24 houjs 
in a mixture of equal parts of tallow and mineral jelly. The working 
•pressiwe of the pumps Varies from 20-3.=; lb. per sq. in., accorckng to the 
Sistance over which the acid, is flumped. In the event of the spent acid 
pump failing, a lead-lined egg of 6 tons capacity is pip^aed for blowing 

* This Dhotosjraph, wliich was taken in a nitration house closed for repairs, shows the 
detachSle of the fume txKid removed. The Worthington pumps for circulating 

water through ule«cooling coils are seen on the right. 
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the spent acid to the denitrators by compressed air. These eggs, have been 
used about twelve times in all, and their use has been rendered quite unneces¬ 
sary since the installation of centrifugal pumps'. 

Spent acid line. —A 2-inch lead pipe-line, for the delivery of spent acid, 
runs from each nitration house to the Acids Scetion, the five separate pipes 
being coniuicted at the denitration plant to two 5-inch headers (one acting as 
spare) which deliver to the storage tanks, 'f'hc* only repairs which have 
been nece.'Kary to the spent acid pipes have betm of a minor character, due to 
leakage at the joints. ■ 

A lend pjpe is also provided for returning liquid nitro-body from the 
denitrators to th<r<.spcnt acid tanks at “ A ” and “ B ” units. This has needed 
repair continually, due to ♦he corrosion of the line by weak nitric acid which' 
has not been completely separated from the nitro-body at the denitration 
plant. The main part of the nitro 4 »ody consists of MNT condensed in the 
Hart condensers at the denitration i)lant. 'Phis is passed, together with the 
condensed nitric acid, throggh a system of separating bottles in which the 
nitric acid is diluted in order to bring it below the gravity of the MNT and 
thus permit separation of the liquids.* 

AUSORPTION OF FtyiflKS KVOLVEO FROM NiTRATOUS, SEPARATORS, AND 

DET()l.UATOUS. 

Pottery fume mains, to which each nitrator, separator and detolaator Is 
connected by 4-inch pottery oipes, pass btmeath the floors of the nitration 
house. The three fume mains are brought together in a 15-inch main out¬ 
side the nitration house, and the fumes are drawn through a set of 8 absprp- 
tion towers (f, Fig. 16) by suction induced by a 20-inch fan. Ea.ch tower 
is 36 inches in diameter and is loosely packed at the base with acid-resisting 
bricks, plenty of free space being left at th(' inlet to the tower. 'Phe chequer 
brick-work serves to support a further quantity of packing, which consists of 
4,000 clo.scly i)acked “rings,’’ the latter reaching to within 12 inches of the 
distributor at the top of the tower. Water is fed in at the top of the last . 
tower, and is circulated throughout the system by means of Pohle air lifts. 
The weak nitric acid (50-55 per cent. UNO;,) which flows from the first tower 
is^-levated to one of two rectangular receivers, 4 ft. x 3 ft.t x 3 ft. deep, 
in which it is allowed to accumulate over a period of 12 hours. During this 
time the contents of the second receiver are run at intervals into a circular 
receiver, 36 inches in diameter, from which the acid is run to the detoluators 
as required, ■‘since the installation ftf these tojvers, recoveries have been 
determined wdth great care*and accuracy r»ver long periods, and it has been 
established that a recovery of 102,5 Ife. of loo^per cent, nitric acid per ton 
of TNT produced is objasned.f 

SHAFTING AND BELTING. , 

The stirring gear in the nitrators, detoluators, and super-detoliiators was 
originally operated from 3 lines of shafting, belt driven from motors. The 

_ V 1 

• Details of the recovery of nitro-body at the denitrators are given in the first 
nublication of this series. , 

t For (letails of the absorption towers see first publication of this scries. 
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shafting carried friction clutcl*es whicfi transmitted the drive to the corre¬ 
sponding stirring gear by means of a belt given a,:i-twist to the vertical 
^itator shaft (Fig. i8). No’changc has been made in this arrangement as 
regards the detoluators, although the stirring was never thoroughly satis¬ 
factory on account of the failure of the wood faces of the friction jaws due 
to the*acid atmosphdre. In the case of the super-detoiuators the friction 
clutches wore reqjoved and fast pulleys fixed in their place, as it is not neces¬ 
sary to stop stirring to allow separation to take place, the whole ihargc being 
pumped to the spent acsid .storage tank (see later). The whole system of 
dsiving was altered, however, in the case of the nitrators. A new line shaft 
was fitted along the bark of the building, and the original was then cut up to 
maUc'foufcounter shafts, each of which carried a fast andpulley, and 
a»fast pulley to drive the agitator. Ffve-ply Balatci belting is used through¬ 
out, the njotor tojine shaft belt being 5 inches wide, line shaft to counter 
shafts 3 inches, and counter-shafts to nitrators 4 inches. 

Two 12 n.i>. motors arc used to drive the nitrator and detoluator .stirrers, 
and a 5 h.i*. motor to drive the super-detoluators. 

« 

COLOURING OF PIPE LINES. 

All pijie lines throughout the plaVit are painted with distinctive colours 
according to a uniform scheme, as a resuH of which any.perplexity and con¬ 
fusion are avoided. 

* • ,, « 

In the description of the trinitration process which follows, the various' 
stages will be considered fMlowing the flow of nftro-body during its gradual 
nitration from MNT to TNT. 

SUPF.R-DKTOLUATION. 

General. —A super-detolnation scheme is only necessary when the nitra¬ 
tion of toluene is carried out in two di.stinct operations, as is the case at 
Queen’s Ferry. If, however.jth ' spent acid from the detoluators is further 
utilised for mononitration (revivification being necessary in this case), it is 
.super-detoiuated automatically during the mononitration imicess. 

, Spent acid after detoluation contains .as much as 1-2 per cent. i)f nitro- 
body, w'hich coipsists almo.st entirely of DN'I' and MNT, each of which is 
.soluble in spent acid containing 70 per cent, of H2SO4 to the extent of about 
0.3 per cent, (.see solubility charts. Fig. 32). In addition to nitro-body in 
solution, however, a certain amount of nitro-body is held mechanically by 
the acid for a considerable tjme. Priy to •the iutroduction of the super- 
detoluation proce.ss, the bnlli of this settled out ifi the sjient acid storage 
tanks, but a considerajile quantity w^s.^always carried to the denitra¬ 
tion plant on account of the insufficient pme allowgd for settling, in viejv of 
Ae lack of storage accommodation. 'Some of this, chiefly DNJT, settled ou^ 
,in the storage tanks af the denitrators and was returned to the TNT plant. 
The MNT was recovered during denitration, being .steam distilled*and con¬ 
densed in Hart condensers. iThe DNT remaining in the denitrated acid 
distilled over al the higher temperature f)btainbd in the prgcgss of concentra¬ 
tion, sufficient of it being thrown down again in the Cpttrell precipitator at 
the Gaillard towers to cause serious blockage troubles. The greater part' 
of the DNT, 4 iowcver, escapee^ up the precijiitator stack and was lo.st. 
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The DNT is removed by washing the spent acid With MNT before the 
latter is charged to the detoluators, leaving theoretically about 0.3 per cent, 
of MNT as Ac total nitro-body in solution. In practice, Ac actual figure is 
between 0.4 and 0.5 ijcr cent., owing to incomplete separation, and in any 
case this is all recoverabU;. The actual saving in nitro-body b/Ais scheme 
amounts to appro.\imatcly 2 per cent, of the total consumption of MNT, 
equivalent to a reduction in Ac cost of 'I'NT by about £ i^4s. per ton. As 
will be shown later Ac introduction of super-dctoluation also permitted the 
modification of the detoluation process itself. 

• 

Process. —Twice u.sed acid (T.U.A.) is run in from the detoluators at 
a temperaturt ' \ about 50° C., and simultaneously is added a*meas'ired 
quantity of MNT, roughiy equivalent to the charge of acid-MNT required 
for the detoluation stage. 'I'he balance of the dilution water is tly;n run in, 
the remainder having been added during the nitration and detoluation stages. 
All cooling roils are in operation throughout this procedure, and stirring 
and cooling are continued until the temperature is below 25° C. in summer, 
and 20° C. in winter. Tlie mixture, the stirrer being still in operation, is 
then pumped to Ac spent acid tank which acts as a separator. The whole 
programme occupies normally about i ^ hours. 

Experience has shown the necessity of running the twice used acid and 
MNT into the vessel simultaneously. When the T.U..A. was introduced 
before the MN'P charge it tended to become “smipy’' due to cooling, a^.d 
Ac nitro-body was thrown up to the surface out of the solution; it then took 
a considerable time to di.ssolve. The addition of the last fraction of the 
dilution water at this stage is purely a matter of convenience, in order to 
permit of as large a charge as possible in the detoluator. The actual amount 
of water added will be given later. 

DF.TOI.UATION. 

General. —A perfect detoluation process would consi.st in mixing the 
MNT charge for the trinitrator with a ('uce u.sed acid containing no nitric 
acid. 'Phis would yield a spent acid containing practically no TNT or 
DNT, and is e.ssentially what ha[)pens in the present super-deteduation 
process. 

Detoluation was fairly satisfactory in the early days, when no nitric arid 
was added to the detoluators, and when the only nitration of the MNT 
effected was due to the ITNO:, content (about 2.5 per cent.) in the once used 
acid at the end of the trinitr'atiori. The installation of the present absorption 
sv.etcm resulted in the recovery of approximately too lb. of HNO;, (in the 
form of 50 per cent, acid) i)er ch.irge and if was decided to add this during 
iletofnation. This schen.e yielded a nkro-b.)dy (“ DNT ”) having a specific, 
gravilv of i.2C)-i.30. and consisting of appro.ximately •— 

Per Cent. 

TNT . IS 

mj . 35 

MNT,. 50 

100 



TRINITRATION PROCESS. 




Later on, after super-detohiation had bfeen introduced, the efficiency of 
the detoliHition process as such was not jo imperative, and it was developed 
into an almost complete di-ilitration stage. 'I'his change was necessitated 
by the acutjness of the weak acid position on the Acids Section, owing to 
the large amount of 50 per cent, nitric hcid which accumulated from various 
sources in the factory! As it was not expedient to concentrate this acid by 
means of sulphiyric acid, it was decided to introduce it into the dctoluators, 
which formed a convenient outlet for this materiaj. An alternative scheme 
would be to reinforce T-NT spent add with this weak nitric acid, and utilise 
the resulting mixture for the nitration •of toluene to MNT. A slight modi¬ 
fication of this procedure was adopted successfully at H.M. Factory, Old- 
bm^.'but I f nil revivification scheme is only practicable wh&is^c mononitra¬ 
tion plant is conveniently "hear the nitration plant, ajid in the present instance 
the origip,al lay-out and design of plant precluded the possibility of adopting 
a similar scheme. •» 

The weak nitric acid is tran.sported in 4 earthenware receivers, each 4 ft. 
X 3 ft. X 3 ft., installed in t\\o railway wagon.^. The'acid is discharged 
from these receivers into a similar vessel on the ground level, from which 
it is elevated by a system of 3 I’ohle air-lifts to the two main receivers at the 
absorption towers, b'ltimati-ly, in addition to the acid recovered at the 
nitration house absorption system (i.c., abo lb. of 50 per cent, nitric acid per 
nitration), 400 lb. of 30 jier cent, acid were taken from other sources in the 
f:A.tory and added tc? each detoluation charge. ,, 

Process. — I'he once used acid is run down from the separator to the 
detoluator at a. temperature of about 80° C., the stirrer is started, and all the 
cooling coils turned full on; the charges of aiud MNT, weak nitric adld, and 
water from the [ireliminary washer are then added in succession at such a 
rate as to keep the temiier'ature between 75° and 80° C. After stirring for 
half an hour at this’temjierature, the charge is cooled to 50'’ C. and the 
dilution wuter is run in. A tnrther 15 minutes slirriijg is given to ensure 
thorough mi.\ing, after which the stirrer is stopped, and thirty minutes are 
allowtd for settling. 'I'he .speeifie gravity of the nitro-body is then taken, 
and the charge .sejiarated, the acid being run to the super-detoluator* and the 
nitro-bo'dv to th^ DN'i' egg. 'I'he whole cycle occupies about 3^ hours. 

A facsimile of the detoluation log-sheet is reproduced on the following 
page. 

• 

Control of acid-MNT ch^ge. —The.conttol of the nitration cycle in the 
above process consists man ly in the adjustment of ttie acid-MNT charge for 
the detoluator. As a general‘tuld'the* whole of the nitro-body from the 
detoluator i.s charged Into the‘u'tratpr:.the exceptions are as follows.* If 
the charge has been miscalculated and is too high (as shown by« low gravity* 
-jn tlte resulting DNT], the charge to the nitrator is measured as so many 
sight kAcs, and the balance of the pitro-body is run into the super-dt'toluator 
or to the spent acid tank. If by any chance such a*charge does get as far as 
the nitra^^or, there is delay in attaining the setting-point (due to insufficient 
nitric •acid, and it is then necessary to reinforce the charge of mixed acid. 
If the charge is too small, this js revealed by the " dip” of nitro-bod;^ in the 
measuring tank feeding the nitrator. When the original programme was in 
10199 • 
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DETOLUATION RECORD. ' 

('harges 

MNT.lb. (S.r,....) 

HNl)„.U>. ) 

Water..lb. 

The MNT should be run in between.&. 

Nitiic Acid may only be added to pot which alieudy holds O.O.A., and it must lie all in before diluting 
. the charge. 


(Init. 

p. (.The h'inal Trinitration of this 

. N’body is rec&rdcd overleaf) 

Batch. Bale.. 

(Uiargc started at.... 

Stirrer stopped. 

Separation stalled.Finished. 

Total Time... 


Mr« Mins. 


Tinii-, 

lirs. Mins. 


O 



'r<-tniieraliirv OWrvcd. 

I 


Ki'mnrlcs. 


I l.uhiiratots given ^>luin by 


t-.u 


10 

20 



30 

40 

5 » 


I 

I 

I 

1 

I 


o 

10 


30 

40 

50 

0 

10 


CAUTION. 

KEEP 

LIDS 

ON 

FUNNELS. 


30 


Final Pioducl 

s.t;. 


DN'T Tank dips. 

Before blowing 

inches 

After blowing 

inches 

L'ifference 

inches 


10 

20 


DNT separated and blown by 


Signatures 


Operative commencing, 

( 

Handed over to. 


















operation, working with a low^fravity DNT’, a small charge was also revealed 
by an abnormally high gravity of the EJN'P. The'“ dip ” of the nitro body 
was at once taken, and acid-^1 NT run in to make up the normal charge. 

On*the,final programme, how2vej, in the event of a small charge, the 
gravity did not rise above 1.37 (the normal gravity ^cing t-35). and the 
result of the smallness of the charge was simply that nitric acid was left in 
the twice used acid. ^ ^ , 

The actual amount of the acid-MNT cHhrgc for any detoluation 
obviously depends (a)‘upon the specific gravity of the acid-MNTr, which, 
^ith normal running/iis fairly constant at 1.19. (b) The HNO3 content of 

the once used acid, which varies between 2.0 and 5.0 per • This can be 
altbwcd for on the basij that 1.0 p4'r.ccnl. extra UNO;) in the twice used 
‘acid corresponds to an extra charge of about 50 IB. of acid-MNT. (c) The 
amount •of HBK);), as w’cak nitric acid, available for charging to the 
detoluator. 'Phis quantity is usually coilStant at 600 lb. of 50 per cent, acid 
(300 lb. HNO3), and varies only occasionally due to irregular supplies of 
acid. An extra 100 lb. of HNO;) is equivale*nt t(»an extra acid-MNT charge 
of about 50 lb. (d) The amount of nitric acid in the wash-water from the 
preliminary washer. This is normally about ho lb., and of necessity must 
be assumed to be constant. Tt varies according to the care with which the 
separation is made at the nitration .stage, (e) The flNO;) content of the 
mixed acid. * This (^ctor is not of great importance as latterly the acid was 
mixed w’ithin 0.1 [ler cent, limits, .and this means only a variation in the 
charge of 10 lb., which i,s negligible. • 

The chief variable factor is the percentage of nitric acid in the 
once-used add. At one time it was customary to arrive at th’fi figure 
by a process of inference from the gravity of the MN P. 'J'his 
nieant that there was a lag of two charges between the reading of 
the gravity and ihq controlling of the charge. This was very un.satis- 
factory, as any cumulative variation in the HNO;, content of the once 
used acid had time to dewelop before any attehipt could be made 
to rectify it. Further, a high gravity was often due to bad .separation, with 
the result that, under this system of working, successive charges wpre varied 
very widely and the nitrations were by no means uniform. The following 
table of chargis was drawn u[) for their regulation in the manner 
suggested:— 

Control of MJIt charges.— 


Percentage of HNO, in 
the once used ai id. 

• 

• 

• • 

Wo. inches of nitric acid added from absorption 
towers and receivers. . 

. . - -j»_— 

^ *1.0) 

1.1 

1.21 

4 in. 

• lb. 

• 

1,000 

• 

6 in. 
Ib. 

• 1,626 

8 in. 
lb. 

1,,650 

t 

U»in. 

11). 

1,676 

12 in. 
lb. 

1,700 


• • 



• * 


• 1.8 [ 

1.9, 

2 . 0 ) • 

1,626 

• 

1.650 

1,676 

* 1,700 

• 

1,726 
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Percentage of HNOj in 


.. . .... . -—-- - 

No. of inches 

of nitric acid added from absorption 

the once used acid. 


f 

towers and receivers. 




4 in. 

(> in. 

8 in. 

10 in. 

12 in. 



lb. 

lb!' ' 

lb. 

lb., 

lb. 

2.1 







2.2 

2.3 


1,650 

1,676 

1,700 

1,726 

1,760 

2A1 







2.6t 






2.6 

2.7 

1 

[ 

1,676 

1;700 

1,726 

1,750 

1,776 

2.8J 

1 






2.9 1 







3.0 

3.1 


1,700 

1,725 

1,750 

1,776 

t • 

1,800 

3.2 J 

1 






3.3 







3.4 

3.51 

‘4 ft] 


1,7.25 ' 

1,760 

1,775 

1,800 

1,825 

3.71 


— 





3.81 
3.91 


1,750 

■ 1,775 

1,800 

1,825 

1,850 

4.0J 







4.1 





■ 

1 I 

4.2 

4.3 


1,775 

1,800 

1,825 

1,850 

1,900 


It Will be seen from the above that an analysis of the IINO3 conlcntof 
the once used acid is necessary before the charge can be accurately deter¬ 
mined. To arrive at this figure, a sample of once used acid is taken at the 
commencement of the separation and .analysed iininediaicly, the result being 
available within a quarter of an hour or twenty minutes. This method of 
control leads to much more uniform operation of the process, and is abso¬ 
lutely necessary when TNT of specially high setting-point is required. 

The accompanying table gives a series of fairly con.sistcnt ••esults 
obtained for the setting-points of nitro-body from the detoluators :— 


Sp. Gr. 

Setting-point.* 

°C. 

Sp. Gr. 

Setting-point. 

°C. 

1.310 

24.0 

1.360 

42.1 

1.315 

29.2' 

1.364' 

44-5 

1.320 

30.4 

1.366 

44.0 

1.322 

33-2 

1 370 

42.4 

1.330 

35-0 

1.380 

40.0 

1.340 

1.350 

3^.2 

35-0 

1.390 

36.0 . 


TRINITRATION. 


The aim of th»“ trinitration process is to attain as complete a nitration as 
possible in the minimum pos.sible time. Complete nitration is mainly a 
function of composition of the mixed acid, and temperature and time of 
nitration. 

* The nitro-body wiis not spcehilly dried for this determination. 
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Composition of tlie mixecKicid. —The iflost important factors in this case 
are the ratio of H3SO4 to HjO, and the percentage of HNO3 in the once used 
acid at the completion of tht nitration. 

Thft myced acid first used had « composition corresponding to:— 


H^sd . 

Pfr Cent. 

. 78.4 

HN03 . 

. 17.0. 

H2O (including UNOg) 

... • ... 4-6 


100.0 


•Limits of 0.3 per cent. Were allowcd'for each constituent, so that the dilution 
was, upon occasion, as high as 4.9 per cent. 

In practice this acid did not prodiicotsetting-points above 76.5° C., and 
reinforcement of the acid chafge was often necessary, even with a fair HNOj 
content of the once usecl acid,.indicating that dilution of the acid at the end 
of the nitration was too grcift, i.r., that the ratio H2SO4 to If3O was too small. 
The composition of the mixed acid was then changed as follows :— 

Per Cent. 

H3.SO4 .* 78.50 

HNCL . 17.25 

H .0 . 4.25 


lOO.CX) 


rhe limits allowed in this case W'ore 0.5 per cent, on the H^SO,, and 0.25 per 
cent, on the HNO:, and dilution. The latter did not now exceed 4.5 per 
cent., and reinforcehient was not so frequently necessary. 

Later, a material reductmu in the water content jvas made through the 
adoption of a mixed acid of composition :— 

Per Cent. 

ILSO4 . 79.5 

HNO3 . 17.8 

ILO 2.7 


100.0 


This acid was lii.all) ^mixed ro ai pCr^cent. limits, and the rc.sults were 
unmi.stakablc; remforremen'was rareTy decessarj^ and setting points^up to 
77.7° C. were rearfily attained.* • * , • ^ 

,In November, an experimental nin was made, using a mixed acfd 
"^of cvtfi lower dilution,"viz.:— 

, • Per Cent. 

H.SO^ ..*. *... 81.0 

HNO:i* . *1*7.0 

Hi,0 .• 2.0 


100.0 
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With this acid, setting-points were reached even more quickly, and there 
was clear evidence that still higher setting points could be obtained by its 
use. The graph. Fig. 33, shows the average setting-points obtained with 
this and the previous acid. The .setting'-points were determined every half 
hour after the attainment of the maximum temperature (i 10° C.). Further 



Timu perbd in Iiours from completion of running 
in of nitrobody charge. 

Kic. 33.—CuKVE Siio.viri: I’Ror.UE.ss ok Uunitration 

IN THE h'lNAL St^OKS, 

reduction in the water content of the mixed acid provides, therefore, a solu¬ 
tion to the problem of more complett' and rijpid nitration. The practicability 
of supplying .such an acid depends entirely on the supplies of oleum and 
highly coneentrateH sulphuric acid available, and on lhc ability to arrange 
a convenient and efficient acid cycle generally. ’ 

The trinitration is carried out as follows. The acid charge (i 1,400 lb.) 
is blown u]i into the nitrator from the mixed acid egg, and the ‘ dip ” taken 
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as a ^eck on the quantity. The stirrer is then started, and the DNT run 
in. Dunflg the whole of thf time in which the DNT is being added, it is 
necessary for the steam coil to be turned on. The temperature is not, how- 
ever, permitted to exceed W)° C.«rftil all the DN’J' has been added; usually 
a little further heating is necessary after all the DNT is in, before this 
temperature is reacned. At hb° C. the reaction commences, and the 
temperature of the charge^is permitted to rise 3° per 10 minutes to 90° C., 
and then 5° per 10 minutes uj>to a ma.ximum of i€o° The last tempera¬ 
ture is maintained until’the dcsir,ed .setting-jDoint is attained, samples being 
Akcn and tested evei;y half-hour aft(*r the maximum temperature has been 
reached. 1 he charge is then e,ooled to 90° C., and the dilution water added, 
thP fcmjierature being kept betweeq qo° and 95° C. .stirring for a 

further 3 minutes to ensure thorough mixing, the«stirrer is stopped and the 
charge is^un down to the sefiarator at a temperatnre of 92° Cl 

It is convcni('nt at this stage to di.seuss’thc remaining factors which govern 
the completeness of nitration, viz., temperature and time of nitration. 

Temperature of nitration. —During the last period of operation, the 
ma.ximum temperature was reduced to 100° ('. without any falling off in 
setting-point or increa.se in the time of fiitration. Th^s .step, which was not 
po.ssible in the case of the original mixed acid (II2SO4, 78.4 per cent.; 
IWO;i, 17.0 per ceifl.; fl/), 4.(1 per cent.), resulted in a material reduction 
in the wear and tear on the lead coils, particularly as regards their tendency 
•to collapse. * * 

• 

Time of nitration. — I'he greater part of nitration takes place diflring the 
rise to the ma.ximum temperature, or, more precisely, during the rise from 
W)° to 93° “^Stewing,” i.c., maintaining the temperature at the 
maximum, docs give a ri.se of .setting-point, but this is negligible after the 
first hour. Further improvcfhient in setting-point cap only be obtained by 
reinforcement. Experiments were made to cut down the period of nitration 
by increasing the rapidity of heat-rise, ft w.as found that a heat ri.se of 5° 
frer 10 minutes was easily controlled, -ind gave precLsely .similar setting- 
points on the attainment of the maximum temperature. 'J'hc gain in time 
due to more rapid hcat-risi- (about half an hour) was thus an actual gain in 
the time cyelc. I'he nitration programme (.see followingpage), as modified 
in th( light of this experience, would be as follows : from 66° to 70° C. in 
10 miirites, and thereafter an increa.sc*of 5° cvei^ 10 minutes up to 100° C. 
maximum. * 

Further notes on tne cycie. 

4 rid charier. -No .^jiccial precautionary measures are necessary except 
when charging the nitrator afte* the replacement of coils, or after other 
repairs W'hich necessitate refhoving the lirl. Dnder these circumstances, 
bi'fore commenclrg nitration, the acid charge is het^ed to 70° C. for an 
hour in order to destroy any organic matter, snch as wood or cloth, which' 
might possibly remain hidden in the nitrator; the acid is then cooled to 
45° C. and the nitration cycle carried out in the ordinary way. 
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H.liJ. FACTORY, Unit . QUEEN'S FERRY. 

TRINITRATION RECORD.] Pan . of I^’body Iroin Detoluation overluif 

A.N. No. 2. ' I Batch...'. Date. 

Charges» 

Arid.!b. (Dip in NilralRr.inches) started at. 

MN'r...ib (S G.) ,Charge in Sejraraior by . a... 

“ f 

^ DNT dip in Tank ..in. (S.G. 'j Total Time of Opention... 

Water.lb started at. 

Duiing ilic Mixing of the DNT charge the temperature should finally reach 6fi" (', hjt must not exceed it; 


( 

Time Duration 
Hrs. MliiS' 

* Time. 

Hrs. Mins. 

Teinpei-aiurr 
due “C. 

Teni{>eratiiro 
observed “C.' 

R.P.M. 
ot stirrer. 

Ri'ports, Notes, etc. 

Kunnitig in J>N 1 . 

0 

c 





Droivning line 

up to 6fi^ in 30 
mins. * 


5 


45 



tested by 

* 


10 


50 



3-way Coilf M. ned 



•5 


1 « 

« 


alter greasing Iv' 




52 







20 


5s 


1 

« 

l.ubrir.itors given 





s. 



i-tnrn by 



*5 


63 







.30 

t* 

(.6 

< 
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* 






0 
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no 







20 
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1 
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30 


W° ' 

« 

*• 



I1c-.itiiifi. periml 


40 


no , 

» r 

* 



constant at no*' 



1 






.c. 

i 

50 


110 


1 




} 

0 


110 

1 






10 

« 

no 

■■ 
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no 


t. *• 



— _ 

_ 

30 *' 

. __ 

no 

4 





{ Operative beginning. 

I lauded over to. 



















TRINITRATION PROCESS. 


78 


Running in the DNT ,—Using the hi^ gravity nitro-body (“DNT”) 
described ’above, the addition could be,effected as rapidly as Ac delivery¬ 
lines would permit, since there is no appreciable reaction until a temperature 
of 66° C. is reached. • * 

When it is necespry to start up a'housc which has been .shut down fqr 
repairs, acid-MNT of specific gravity i.ig is charged direct to the nitrators, 
and under these circumstances precautions are necessary in view of the 
lower temperature at which reaction commences.. The tem[)craturc'in this 
case is kept below 5i°*('. until all the MN'f has been added, and is then 
ifllowed to rise 3° per 10 minutes ter 66° C., after which the normal pro- 
granjme is adhered to. 


* Temperature rise. —*l’hc temperature is usi^lly easy to control. A 
.single coil (No.«) suffices for this purpose, and*is usually in operation for 
about 15 minutes. At 85° C. a little st««m is required and the steam coil 
is tui ned on for about hal f a minute. The temperature then rises to 93° C., 
after which heating is again necessary in order Ip bring <he temperdture up 
to the maximum. Occasiohally, the temperature of a charge gets out of 
control. 'I'his may be due to .several causes; (a) through allowing the 
temperature to rise too rapidly in the early stages whilst using a low gravity 
nitro-body. This has already been referred to, and no trouble on this 
account is experienced with high gravity DNT. (b) Leakage of a steam 
coil; thi.< is reveale d by the "bubbling” noise made by the escape of the 
steam into the charge, ^c) Leakage of a cooing coil when working with 
pressure water; this is indicated by excessive fuming, and can be confirmed 
bv testing tin* coils in the manner de.scribed on page 55. (d) Hlockage of 

the coil outlets or failure of the vacuum. To guard against failure of the 
water supply sight glasses have been provided at the inlet of each coil (see 


piigt' .“is)- , 

In the case of the tempi-ratiire getting absolutely out of control, a charge 


IS "drovvned” v\hcn the temperature reaches 130° C., 


fh'trii'-i ’atinn o! setting point. —When all four nitration sets arc in full 
ftperatinn. the output of each nitration house is approximately 2.!^ tons per 
diem, which caHs fm- the estimation of as many :is ;o setting-points per day. 

It w:i.s therefore neces.sarv to devise a sinqile hut accurate method of deter- 
minati' a. v.hich '-ould be carried out by the ojicratives in the nitration house, 
'i'he .irst nivrthod emidoyed, which ])roved insufficiently accurate when 
working 10 high setting points, was knwwn ds the*“cold wash method,” and 
W'as carried out a- foltow.s. * ' 

" .Samples of 'I'NT \tere tpjj'ep Tromra^ nitnitor as soon as the nitration 
charge had rea<l1^d a temperature pf iJtx)° C. TJie 'J'NT, which carried 
in solution considcraljle quantities of nitric arfd sulphuric acickC was poured 
“^nio cold water contained in an earthenware mug, the contents of which were 
stirred vigort'usly with an aluminium rod. .After wa.shing the peilets three 
times with (old water the li(|uid was decaqted from the pellets, and the 
TNT transferred to' \ test-tube, melted, and allowed*t'« cool. Whilst 
cooling, the TNT must be thoroughly stirred; this is affected by means of a ' 
thefmometcr, and the temperature recorded by the latter is closely , 
observed The 'rNT, super-cools several degrees below the setting point. 
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and then, as solidification takes place, the temperature rises until a 
maximum is obtained. The maxipium temperature recorded is> known as 
the wet setting point (W.S.P.) of the sampled The W.S.P. must not be 
below 72.5° ('., in order that the product shall have a dry spttiilg point 
(D.S.P.) of 76° C; as required by .spbcification. Results from this test are 
liable to variation i/nless standard conditions arc observed, and a consider¬ 
able depression of the setting point occurs if much free nitric acid is present 
in the once used acid from which the TNT bas‘separated, due to the high 
solubility of nitric acid in 1 N'T (the setting point as determined by this 
method is depressed approximately 0:5° C. for every, i j)er cent, of HNG,-, 
in thi- crude TNT). As already pointt.d out, the nitration cycle is arranged 
so that the nitf. ' acid content of the once used acid is as constant as po.sRft/le, 
viz., 2.0-2.5 per cent., ani^under these conditions the test is fairly satisfactory 
in working to a setting j)oint of 7(5° C. « . 

With the introduction of the sBrlphite washing process for the production 
of TNT with setting points above 76° C\, it was necessary to exercise a very 
careful control on "ihe .setting point of the crude material leaving the nitra¬ 
tion hou.se, and the wet setting point test described above, although suffi¬ 
ciently sen.sitive when working to a dry setting point of 76° C., had to be 
modified accordingly. The cold, water wash was therefore discarded 
because of the varying acidity of the resulting pellite, and the alternative 
test, which was ultimately introduced throughout, con.'ji.sts of ;i “hot wa:jl\” 
ijiethod. In carrying out the lalUn- th(‘ T NT is washed with siiccessive 
quantities of boiling water, the TNT' being kept in a molten state, and 
beaten up thoroughly with an aluminium stirrer consisting of a perforated 
plate, 2J inches in diameter, fixed to a handle. About half a'dozen w'ashes 
remove all traces of acid, this point being indicated by a change in ’the 
colour of the wash-water from a yellow to a reddish tint. The setting-point 
of the wet, acid free product is then determined as befcjre. 

The difference between a wet .setting-poiijt (W.S.P.) thus determined, 
and the final dry .setthig-point (D.S.P.) is 3.7° C. It may be stated in this 
connection that of this depression only 3.55° is due to water. This has been 
shown by repeated tests, starting with dry T NT and melting this in wate,r 
for a wet .setting point determination. T he remaining, depression of 
(I15 -0.20 ^ (,. appears to be due to the pre.sence of tetranilronicthanc and 
other volatile o.xidation products. 


Diluiion .— I he dilntivn charge^ 
trinitration cycle are as fcdlows :— 

lo m Ira tors 
•^T'o delolbatons. ... 

To super-detoluators 

Total ■ ... 

' «. 


added at various stages during the 

f > 

• ■ ' ... T3()(> lb. 

. 4CX) lb.* 

., 480 lb. 

■ ... 2240 lb. 

_!_• _ 


tn ts! with preliminary washing rplant, the only dilution water added 

to the uet61uators is the wash-water from the preliminary washer. • 
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This 3aelds a spent acid of the? following cohiposition;— 


• 

Per Cent. 

HsSOi 

71.2 

HNO;, ... * .... ... 

trace 

HNOj . 

... . 3.0 

Oreanic matter . 

0.4 

h.!o 

• 

,••• 25.4 


100.0 


Two factors determine thp strength of the spent acid :— 

% 

(i) The need for an easily dcnUraled acid. —Nitroso-sulphuric acid 
decomposes completely only at a strength.below 70 per cent. With steam 



Pig. 34.—Soi.Giiii.iTV ok TNT in. Sei.rjtURic Acids 
OF VARIOUS StreiJgths at 9 o“f. 


denitration, the H5SO4 content t)f the spent acid moy be permitted to rke as 
higjj as 73 per cent, without affecting the ease of denitration. ^ • 

I'h® increased strength of the .spent acid gives a corresponding higher 
strength in the denitrated acid,* the advantage of which is fdt at the 
denitrators. * * 

( 2 ) The solubility of the nitro-bodies .—Prior tej the introduction of 
super-detoluation, when DNT was present in the spent acid to an 
appreciable Extent, it was both economical and desirable to produce*as weak 
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a spent acid as possible. Wilii the introduetion of super-detoluation, and 
the elimination of all nitro-body bijt MNT (which is recoverable), this factor 
is not so urgent, and latterly the strength of'the spent acid has been per¬ 
mitted to rise as high as 73 per cent. H3SO1, yielding a denit||jated acid of 
approximately 68 per cent. HaSOi. ' See Figs. 32 and 34. 


SEPARATION. 

'The charge of mixed acid and TNT is: allowed to stand in the separaljor 
for a period of 30 to 40 minutes. '1 his allows Tunple time for separation, 
which takes place without difficulty. It is necessary to use the steaiii_j;oil 
at intervals ii ine charge remains in the separator.mon* than an hour. 


I'RELUKNARY WASHING. 

It will be seen.that appreciable quantities of nitric and sulphuric acids 
remain dissolved in each batch of TN I' from the .separator, and the follow¬ 
ing procedure has been adopted with a view to recovering the bulk of this 
acid before the 'I'N'l' leaves the nitration hou.se. TN'l" from the separator 
sight-box is run into,a washing vessel construcled of acid-resisting material 
(such as .silicon-iron), and is there washed molten with hot water with steam 
agitation. The wash-water is then used for dilution purposes in bie 
(ictoluator (see page 65), and contains apjiro.ximately 14.0 per cent, of 
HNO3, representing a recovery of qo per cent, of the nitric acid di.ssolved 
in the TNT. Using a hot water charge of 400 lb., the weak.acid resulting 
from the wash contains on an average 14 per cent., or (>5 lb. of nitric acid 
per ton of 'I'N'l', representing a .saving on previous nitric acid consumption 
of 3 per cent. In addition to the saving in nitric, acid and sulphuric acid, 
other advantages of preliminary wa.shing are reduced maintenance charges 
resulting from decreased corrosion of washing plant, tiji-w'agons, etc., and a 
reduction in the load on the effluent plant w'here the 'I'N'l' wash-waters are 
neutralised. 

'Fhe preliminary wa.sh is carried out as follows; 400 Ib. of water are 
introduced into the washer, and the charge of 'I'NT run in from the 
separator sight-box, the open steam-pipe being turned slightly on. 'I'he 
stirrer is then started and the charge agitated for 5 minutes, after w'hich 
agitation is stopped, a further 5 minutes allowed for separation, and the 
wash-water run off to th( detbluator. The ’■esidual 'I'NT is then dis¬ 
charged to the jielleting'vat. 


PELUETiNG. 

I'he pelleting vat is first filled with water until ^he whole of the .eloping'. 
ba.se is co,?ered. An even flow of 'fN'I' i.s then allowed to run in, a i-inch 
jet of water being directed to a point on the stream of TNT slightly above 
the surface of th( water in the vat. When all the charge of TN'F has been 
pelleted, the water is shut off and the drain-cock opened to allow the water 
to escape to the launder leading to the recovert and effluent plants. The 
TNT is" then removed to tip-wagons and taken to the washing house. 
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•WASHINCr 

Acidity of pellite.—TN'f leaving the nitration houses in the form of 
pellite has an average composition t)f 

^ Par Cent. 

'rxT'r ^ 

79-5 
•■5 
ly.o 


lOO.O 

The acidity varies frotn 1.0-2.5 pA frent., and ig units where i)reliminary 
washing jjants ay; installed this figure is reduced.to abf)Ut 0.5 per cent. In 
the absence of the preliminary hot:wash,Jiigh acidity is caused by one or 
more of the following causes—(a) faulty separation of TNT from once 
used acid; this is by far the mtjst serious fa(;tor; (b) high UNO;, content in 
the once used acid; (c) the use of insufficient water in pelleting; (d) too rapid 
addition of TNT during pelleting. 

An acidity of 1.5 per cent, is made up of approximately 0.3 per cent, of 
H2SO4 and 1.0 per cent, of HNO,,, the rc 4 naindcr bcing,diic to organic acids. 

'I'etranitromethane is a further impurity, which is jircsent in pellite to 
tflt»( xlent of about 0?15 per cent. 

• General aim and metHbds of washing.—I'lie purpose of the “ washing 
process” is tQ reduce the inorganic and organic acids to below 0.03 per 
cent., and to remove the tctranitromethanc. • 

'[ he methods which have been in use uj) to the present are :— 

(1) A combipation of hot water washing with succes-sivc, pellctings. 

This method is extrcmi-lv wasteful of heat and comprc.s.sed air (large 
(piantities of which arc *Ticccssary in the pi-llethig stages), and only 
effected the reduction of the acidity very slowly. The time required 
for remelting was also considerable, and the whole time cvcle for 
wrjsbing was far loo long to be practicable. 

(2) * Di.s'liontinuous washing with hot w.ater. 

(3) Continuous washing with hot water. 

(4) Washing with sodium sulphite soli tion, for the preparation of 
high grade TNT. 


funeral.— fhj,s was tne ortginal process u.scd at Queen’s Ferry, apd it 
remained in use until superseded b/ th'e continnou.? and sulp^c methods, 
^f'h® ^equipment of eftch of the wash-houses working the discontinuous 
washing process compri. 4 ed 2 tiers, each of 4 wooden vats, similaj to those 
•shown in Figs. 38 and 52. Pqllite from the nitration house was tipjied into 
the front ro\^ of vatsjjfom the tip wagons which run alons the front of the 
building each vat being fitted with a receiving hopner for this purpose < 
47 )- The back row of vats was raised on a platform 7 feet above the 
level of the front vats. * • 


Tetal acidity (expressed as H..SO4) 

Water ..? . •... 

* • 
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The houses were worked according to orite of the two schemes, shown in 
Fig. 35; (i) the 8 wash-vats were divided into two sets of four, the TNT 

Flow Diagram For Di^oniimoas Washing Shewingi 
Arrangement of washers fbh each e/ the methods engdoyed. 


fbvr Washer Set 




Fic. 35. 


passing in stages through the four vats; or (ii) the 8 vats were divided into 
four sets of two, the TNT passing through two only. It was necessary in 
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both cases to elevate Ihe TNT» from the front to the back washers, and this 
was effected by means of .8;^-inch impeller centrifugal pumps. 

Wash-vats— Each wash-vat .was fitted with (i) a side-draining box, by 
means of v^ich the water was run off from above the level of the INI. 
This done aflc* each wash, and also before any TNI' was run off of 
pumped away. , The original boxes were of kiad, but this metal was 
replaced by cast iron as renewal became necessary. The lead sight-box 
on the “A” vat was rapidly corroded, but this material withstood the acidity 
oi the water from the others; tHe temiterature, however, tended to m;ike 
the lead collapse, (ii) A sight-box fitted with a “bayonet” valve (the 
goneral arrangement of which is shown in Fig. 36), and* rujv (tff pipes for 
water and TNT to the pump. Ori^iilally no .sij>^ht-box was used, and the 
TNT wa^ fed tlyough a cast iron .steam-jacketed cock direct to the pump. 
This arrangement was unsatisfactory beciyise it was difficult to detect pump 
blockages, which arc undesirable by reason of the heat generated in the 
pump by friction; also the efficiency of washing was imiJiiired by the pump-' 
ing over of wash-water tog«ther with the TNT.* (iii) An aluminium coyer 
and a vertical sheet iron ventilating .shaft, about 12 inches in diameter, which 
discharges into the atmosphere, (i^) Steam pipes; these were originally of 
lead, and their use gave rise to the usnal*emulsion trouble. They were later 
replaced by .silicon-iron and, in the less acid wash( rs, by cast iron. 

•• The s'ciuipmcnt bf the house was completed by a storage tank for hot 
water, similar to .that described on page 83. . 

Process.— A charge of boiling water was run into the “A” vat from the 
hot water tank or '‘11” vat, as the case may be, this charge being squal in 
volunife to that of the 'I'N'l' to be washed, /.c., appro.\imately cme ton. The 
TNT charge was then introduced (bv pumping, gravity, or, in the case of 
pellitc by tipping) the steam being full on to avoid blockage of steam pipes. 
The only mixing effected wa^ by means of high pressure live steam (too lb. 
per sq. in.), ayid this was continued for 10 minutes (of for 20 minutes in the 
case of the pellite, which requires to be melted). 'I'hc; steam was then shut 
pff, and an atmospheric cock fitted to each steam-pipe prevented tlj(' sucking 
back Und .solidification of TNI in the steam-pipes. 1 wenty minutes 
.settling was then allowed, after which the water was side-drained, and the 
TNT run by gravity or pumped to the next vat, unless a further wash had 
to be given i« the same vat, in which case the Tresh water was run in imrne- 
diately. Washes were continued untiUhe wa.sh-jvater was neutral to service 
litmus paper. This is f(>und to yield'a product with an acidity (calculated 
as HaSO.i) of below o.p3 per aent, , 

The water cqpsumption i^trlon of TNT in the two schemes of waking 
was:— * * ^ , 

(a) In four-tva.shcr scheme: reckoning 150 gallons per wash per 
Wn of TNT, and flsing fresh W'ater for all washes, 750 galloys of water 
were required. Provided,'however, that wash-water from the "B” 
and “D” washqfs is utilised in the “A” and “C” yats, this quantity 

.can be reduced to 450 gallons. ^ * • 

(b) In the two-washer scheme: this was only in operation for a 
short time its main adVantage being rapidin* of working‘and less* 
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j)umping of the TNT. Six w'ashcs wejre usualfy necessary, whkh is 
equivalent to yoo gallons of water. This quantity could cut down 
to about 600 gallons, by a fiirther u.se in the “A” vat of one or two 
charges of water from die “ 13 ” vat ^ ' 

The capacity of a wash-house operating th(' discontinuous process was 
30 tons of TNT per day. 

It is necessary, particularly in the Iwo-washer .sy.steni, to adjust the 
charge of TN'F so as to leave as little water as possible in the washer after 
side-draining, and also to allow .sufficient'time for .selding. 

The arrangements for conducting the wash water's from the vats to the 
effluent launtler vere similar to those used in the continuous wash'ug 
prof;css. Cast iron pijies are most satisfactory for this purpo.se, since 
earthenware lines and joints crack owing to the tem[)crature. 

CONTINUOUS WASHING. 

General. —This [)roces.i {sve page 13) was developed as a result of 
preliminary laboratory and semi-works scale experiments carried out at 
H.M. Factory, Oldbury. 

TNT in the molten state and hoi water are made to (low from one vessel 
to another in conlraiy directions. Each ves.sel is fitted with mechanical 
.stirring gear and with a subsidiary .separating ves.sel ip which the maleriils 
separate, and from which they pass to the succ('eding washing vcs.sels in 
oppo.site directions. This method of washing has resulted in considerable 
economics in steam and water consumption, and has been extended to all 
washing hoirses not u.sing the sulphite process. The essentitil points in thi; 
construction of the plant are indicated diagrammatically in Fig. 37. 

As installed at Queen’s Ferry, the plant compri.ses two mc-It vats into 
which is tipped and melted the pellite from the nitration houses; a TNT 
.storage tank, into which is ])iimi)ed the melted 'I'N'l' from the melt vats 
ready for delivery to the washer; a storage tank for hot water, with steam- 
heater and feed arrangements for supplying the hot water to the w'ashing 
plant; the continuous wa.sher proper, which is fed with molten 'I'N'l' ano 
hot water from ojipo.sitc ends; a separator, into whicli the washed 'J'NT 
overflows, and from which it pas.ses to the drying jilant; and a cooling 
launder along which the wash-water is made to flow, after leaving the wash¬ 
ing plant, on its way to the recovery pits and effluent treatment plant. 

Melt vats. —'These are two of the original “ A ” and “ B ” di.scontinuous 
process wash-vats. As .shown in Fig. 38, they are .semi-cylindrical in .shape, 

8 ft. 6 in. long x 7 ft. wide x 4 ft. deep, of ;’oo gallons capacity, and are 
con.sti acted of 3-inch pitd. pine lined outside with heavy .sheet lead. 'The 
interiors are lined throughout with acid-rc.sisting .sl.ibs, 3 inches thi :k, 
jointed with acid-resisting cement, and this lining has been very efTective ‘ 
in prolonging the life of the vats. 

The heating pipes con.^isted originally of 2-inch le-ad pipes perforated 
with ^-inch holes,'(he TNT being heated by live .steam. These pipes iad 
only a very limited life {150 tons, or 4 day.s’ average running), and cau.sed 
ra great deal of trouble owing to the formation of lead sulphate sludge, which 
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gave rise to emulsionJ in the aontinuouS washer, resulting in bad separations 
throughout, the plant. The .steam pipes at present in use are of 2-inch 
silicon-iron, with eight f-iilch holes, ahd arc jointed with lead. After 
treating.2,6cK) tons of 'I'NT these^npes are still in good condition, and the 
emulsion trl^uble is no longer encountered. 

Itis necessafy to provide a grid to protect the outlet'from the vat, and nO 
suitable material has yet been found for this purpf»sc. Aluminium is soon 
corroded, the corrosion fa<’tor being as high as 80.* Lead is the most satis¬ 
factory metal whitrh hi^ been tried up to‘the f)re.sent, a lead grid la.sting 
about 2 months, but it is probatHc thfit silicon-iron would be most’suitable, 
as the corrosion facldr for this material is only 1.6. 

. > ,, * ' ’ 

' , ■ ('onticciions hctwrni, melt vais 7'NT storage tank. —The outlet 
from each melt vat is through a 2-inch .silicon-irdh cock and a sight box of 
the same‘material to a centrifugal pump (8;| inch impeller) which elevates 
the liquid ‘I'NT about 12 feet to the storc^tank through a 2-inch silicon-iron 
pipe, riii.s arrangement is the most unsa^tisfactory f(!ature in the design 
of the ])lant. With lhe*sy§l(*m of melting the •TNT by live steam alone, 
i.r., without-the .'iddition of an initial charge, of hot water, the acid water 
r.esulting from the conden.sed steamJias the following acid content:— 

„ ^er Cent. 

... n.SC), . 3.0 

HNO:j ... ... ... ... 4.9 

Weak acid of this coiuj)osition has naturally proved highly corrosive to 
mctal.‘' other fhan silicon iron. The outlet rock has laslc'd well, no r^'new'als 
being nece.s.sary. The sight bo.v is al\va\s kept full of hot water (this being 
due to the drainage from the delivery jiijic from the pump), but despite this 
fact its life h;is also been satisfactory, (.’ast-iron sight bo.xcs were pre- 
vi('-.; ly tried, with an tiverage life of about one week. 

'[‘he pump i.i a cast iron i*? ntrifuga! with 8^ inch itnpeller. A steam-jet 
is lined into the air release of the ])umf) and is kept ofien when the pump 
is not in ri.se, the steam making its exi‘ through the water in the sight-box. 
The jmnip imjicller re<|uires renewal once a fortnight, and the pump ease 
once a month. ‘Chrome steel has been suggested as a suitable material for 
the.se '''.'mps. but the suggestion has not yet been given effect. 

'i'NT storage tank.—'I ho siorage tank. Fig. 39, consists of a cast iron 
tank, 0 ft. 3 in. diameter ^ 1. in. thick, kned Ivith acid-proof brick set in acid 
resisting cemeiii, the capacity is just over 2 tons. ’An overflow is provided 
for the wash water iniftipeo ij^'i^wTth.the ’'rN'r, which is connected to the 
launder by a 2-iflch silicon iron |)ipe. • A .skiinmi»ig arrangement prevents 
the^sciim which rises V the surfm e of the 'I'NT from blockirtlf the laundc.' 
pipes. , The most satisfiictory form of skimmer consi.sts of a 2-inch silicon- 
iron elbow; the aluminium skimmer shown in Fig. 39 proved unsatisfactory 
on {.ccount of its rapid corrosion. 

*,The corrosion facior expres-ses llic number of graimiies of metal dissolved per hour per 
square metre of niet.nI1ic surface. • “ 

IOI99 
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The TNT is heated by a straight silicon-iron steam pipe, but heating 
is only necessary when the plant is temporarily held. up. The outlet is 
through a 2-inch silicon-iron cock^ by means ^if which the rate of How of 
the TNT to the continuous washer is controlled. A brick ledge, 4^ inches 
high, is built round the outlet on the inside of the store tank, and serves to 
.•etain any heavy lead sulphate sludge in the store tank when lead coils are 
in use. The outlet cock delivers into an earthenware sight-box feeding a 
3-inch earthenware pipe, supported by a chanijel-iron, which discharges 
into the first agitator chanfber of the continuous washer. 

Continuous washer. —The continuous washer consists of nine sets of 
two compartnjent.' each, one of which is a mixing chamber and the other a 
separating chamber. The washer is ('on-structed of cast iron plates bolte^ 
together, the joints being made with red lead and a double strand of lead 
wire; the division plates between the mixing and separating chaYnbers are 
loosely held in slots formed in the cast iron cross-platbs. 'I'he whole thus 
forms a rectangular tank, 27 ft. long x 4 ft. 6 in. wide x 4 ft. 3 in. deep 



I'lG. 42. Diac.kam .siiowino I'Mnv ok VVatkr and 'I’NT in Continuous 

Washer. 


(Figs. 40 and 41). The width of the washer is di.stributed between mixing 
and separating chambers in the ralio of 2 to 1. 

Each of the plates separating the mixing and separating chambers is 
perforated by a row of twelve i-inch holes at a di.stance of 16 inches from 
the bottom of the washer. Through these holes the emuLsion of TNT 
passes from mixer to separator. Thus, to maintain the flow it is neecssar 5 ^ 
lor TNT and water to enter each mixer and leave each se],araior by holes 
in the cross plates dividing the sets. The TN'P outlets are 2^ inches in 
diameter and are situated at the bottom of the washer; the water outlets are 
of the same diameter, but are placed 30 inches from the botVom. Fig. 42 
indicates the directions of flow of . TNT and water through the washer 
The TNT outlet is takt-n from the bottom of the last separator chamber 
and is led by an inverted siphon to the cast iron sight-box, the bottom of 
whi< h is 23 inches above rhe bottom level o\ the washer. This arrangement 
.ensures an orerflow of TNT through the sight-box v;hen the dip of TNT 
in the last separator exceeds 8 inches. Each mixing chamber'is fitted with 
a stirrer,^20 inches in diameter, and a stpam-pipe with perforations at its 
lower end. The four steam-pipes neare.st the water outlet are of silicon- 
iron, and the fivCf remaining ones of wrought iron; ca.'.t'iron, however, would 
be quite satisfactory throughout. Drain outlets arc provided at the bottom 
of each chamber, and these are closed with lead blank flanges during the 






















































m ‘S*3 0,'/u OOS (9M -TM UK*) 



























































WASHING PROCESS. ^ 

period the washer is*in use. * One or more’of these is pierced whenever it is 
necessarjfc to drain the w^her. Thenpiometers are placed in every third 
chamber. 

• ^ • 

Hot water fted arrangements. —'I'hcse consist of ji boiler, 7 ft. diametpr 
X 25 ft. long, of about 5,000 gallon.s capacity, in which the temperature 
of the water $ raised to 85°*C.; the feed water.fs supplied through a float- 
valve from, a supply lant; ft>d from the ordinary supply, and into which also 
passes the warm water from th,e granulator roll (see later) at a temperature 
•tjf about 30° C. 'the*boiler is healed by steam direct from the main, and 
the steam exhau.sts from the driers and .steam mains a^^so discharge into it. 
‘l‘h^ water is sui)j)li(?d to the washer bj means of a cwntrifugal pump coupled 
•direct to a motor. A’secondary lieater of the.Pomberly type is inserted 
betweei* the fximp and a water measuring box, by means of which the 
temperature of the water is stilKfurthcrtraised. 'I'he rate of flow of water 
passing into the wa.sher is controlled by a V-notch inserted in the measuring 
tank (Fig. .^3). From, the measuring tanfc thv water flows into the washer 
through a 2-inch wrought iron J)ipe. 

Separating tank. —TN'F leaving the wa.sher j)a.sses by means of a 
2 inch wrought iron pipe to a .sejxirati^g tank.situated inside the feed tank 
to the driefs. 'I'h^e scj)arator (Fig. 44) con.si.sts of a wrought iron tank, 
*5 ft. 6 ill. diameter x 2 ft. 3 in. deep. It is provided w'ith a baffle against 
the ivcoming 'HM'F, a ’^’ater overflow 5 inches from the top, and a TNT 
outlet 4 inches below' th(' latter, which is fitted with a pijje that reaches almo.st 
to the bottom of the tank. 


Effldent launder. —The wash-water is conveyed by means of a cast iron 
{)ipe to a wide shallow launder constructed in acid-proof brick, the general 
cM.struction of wlTich is show'n in Fig. 45. The wash waters are cooled 
whilst llowifg through thi.s»channe], and deposit, bffore reaching the main 
('ffluent drriMi. any TNT which may be held in suspension or separated 
from solution. The deposit is ren.oved at intervals and the TNT, the 
• greati'r part of which settles out in the first half of the channel,’is returned 
to the washeiK by means of the tip wagons u.sed for pellitc. The deposit 
ip tt second half of the channel is removed to the recovery plant, and that 
in the re.st of the launder is swept into the effluent drain and thence into the 
catch-pits, from which it is removed at intervals to the recovery plant. 


Krom washer. 



1019$ 


I.aiinder = 150 ft. long, 4 ft. 6 in. wide, and 9 in. deep. 
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Process. —The charge for each melt-vat consists of 3 tip-wagon loads, 
i.e., about 27 cwt. of pellite. ThL is tipped mto the vat and'the steam 
turned on, the charge melting in about 20 minutes. It is customary to keep 
one batch melted as a stock of TNT supplementary to that in tne feed 
tank, since the capacity of the latter only, just exceeds one charge and it is 
essential to keep a further charge in readiness in order to ensure the flow 
of TNT being continuous. From the feed tank onwards th«. discontinuous 
process gives place to the continuous process: A fresh charge of TNT 
from the melt-vats is pumped into the feed tank as soon as the dip of TNT 
falls to 4 inches, and the rate of flow fo the washef is regulated by means 
of the outlet Qock* During normal running the necessary control is as 
follows:— , j ' 

(1) The temperature of the wash water entering the washer must be 

kept above 90° C. 1 

(2) The temperature of the TN I' in the feed tank must be kejrt 

between 80° f^. and 90* C..' ' ^ 

(3) The temperatures throughout the various compartments 
.should range betweem 95° ('. and 100° C.; this necessitates the use 01 
stc^am pipes in tb<* agitator chirmbers, on account of the large loss of 
heat due to radiation. 

(4) 'J'he 'I'NT I(;aving the feed tank sight box is tested hdurlv for 
acidity. This usually ranges between o.to and 0.20 f)er cent, lii the 
event of a high acidity, the flow of I'N'r is checked, and additional 
water is passed through the washer. 

(5) The average dip of 'I'NT throughout the washer is 8 inches, 
and should not exceed 12 inches. Any banking up of TNT is due 
to blockage, caused usual!) by a fall in temperature in some part of 
the washer. 

To clo.se down the proces.s, the 'I'N'l' melt vats and feed tank arc 
emptied, and the washer k('pt working with a normal flow of wniter. 'rhe 
greater part of the TNT is thus made to move along towardsihe outlet, and 
steadily overflows; as a rule about one inch of 'I'N'F remains in the bottom 
of the washer. When this condition has been reached, the flow of water 
and the agitation are stopjx d, and the washer is emptied by piercing the 
lead blank flanges which .seal the bottom outlets. 

To .start up the process, the lead blanks are replaced and the washer is 
then filled up with cold water, the. 'J’NT outlet being plugged meanwhile. 
'The ;:team j)ipcs are then turned on ,and at' the same lime the flow of hot 
w;ater is started. When the temi)c'ratui'e throughout the wa.sh(‘r reaches 
95° r. the agitators are started and the TN'F admitted to the washer, at 
first slowly, the flow being then steadily increased to the normal (11 tons 
per hour). When^the TNI' dip in the last separator reaches 8 inches the 
plug is removed nn^ the TNT allowed to overflow ini(, the sight-box. 

Capacity of plant.-^The capacity of the w; shor describc'd above is about 
' tons per hour, the largest mitput attained being 260 tons per week of 
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ih8 hours. J he overall water consumption per ton t)f TN'l' washed is 
approximately 550 gallons# ■ • 

A facsimile of the continuous washer'log-sheet is reproduced on the 
following jiagCj^ 

SULPHITE WASHING. 

^ • 

General. —In the latter half of the' year 19^*7, “A” wash-b(*use Ainder- 
wont the necessary alterations for conversion from a discontinuous washing 
process to a proccs.s,fot sulphitb purification. The new plant commenced 
operations early in January, 1918, and continued to run with little inter- 
raisiAon until Novcmibcir of the same year. During^thisf f)eriod the process 
was extended to “ li " iiflk, where, apirt from certain modifications to which 
attention,will b* drawn, the original procedure was adhered to. 

It may be nottd that the ayoidance of structural alterations in the 
building somewhat limited the scope of*the lay-out. It w’as found to be 
necessary to pump the jiroduct at one stagj.-, and, partly; on safety grounds,' 
it was decided to jmmj) a* wcrl cry stalline .sludge m preference to liquid 'I'NT, 
Experience gained in operating the process has indicated that the arrange- 
'Sicnt adopted was undoubtedly thf*be.st which could have been devised in 
the’circumstances. As regards details^ however, sc;veral alterations were 
.iflerwards found desirable, and, in particular, ft was found that the crystal- 
Wfier lime-cycle hacf been undere.stiraated, and to work ftp the capacity of 
the other portioBS of the plant it was necessary to extend this section. 

• '1 he diagrammatic erevation of the pl.'xnt*shown in Fig. 4(1 indicates 

the various stages in the process. 'I'he building contains two duplicate 
sets, each comprising three crystallisers and one each of the various othex 
portions rjf the plant. I hese two sets are arrangc'd on either .side of the 
h'.nise, and are self contained and isolated from each other. 

Preliminary wash- or m^t-vat (“ A ” vat). —It is desirable for a variety 
of reasons that the crude TNT should undergo a preliminary washing 
before (rysiallisation. The main considerations are that the cry.stallising 
•jilant Is thereby largely relieved from the corrosive clTects attending the 
treatment 4)f a^id 'I'NT, and the objectionable tetranitromethane fumes are 
largely removed by steaming. 

The ciude pelleted TNT. after passin,f the .spccific.ation test discus.sed 
lati’r, is broifght into the house, elevated by a lift, and discharged from 
the. tip-wagons direct into the “A” or melt«vats,(Fig. 47). It is delivered 
into an approximately equal bulk of boiling water, and heated by open 
steam coils, agitation being efl'ectotf by^ vast iron stirrer sunning at 75 r.p.m. 
The charge mc 4 ts complctel^Vithm^tcn minutes, and the molten JNT 
is then wjpshed with four successive changes of'boiling wa^pr, each wash 
prftceeding with agitation for ten minutes, followed by ten minutes settling 
and removal of the supernatant wa.sh w’ater. The upper side-drjining box 
by which the wash waters arc •drained communicates by a cast iron line with 
a brick cooling launder outside the hou.se* (see page Wash waters 
from the “ B ” vat (see later) also deliver to this launder. The wash* 
waters from the final-wa.sh 0/ “C” vat are used again in the.“A” vat, as 
they are uniformly free from acidity and* already saturated with TNT. • 
The upper side-drain is set *21 inqjies from the inside bottom level. 
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Practice requires, however, a working limit of about 3 inches, so that the 
depth of’the TNT charge,is approxin^atcly 18 inches, the charge of crude 
TNT being regulated by dip after melting. The hot water supply is 
similar to that ^escribed on page 83. 

Where no preliminary wash is given in the nitration house, the initial 
acidity of the, pcllitc averages 2 per cent, calculated as H2SO4, and the 
washing programme oudin^d above reduces this’ to less than o. i per cent. 
With the installation of preliminary washing plant in the nitratidn houses, the 
initial acidity is reduced to 0.5 per cent., and in this case the number of 
washes given the “ A ” vat is cut down accordingly. 

- The washed TN,T is run down from the melt-vats>to t^e^c/ystallisers, 
where the required charge is regulated by “dip,” any TNT remaining in 
the “A”_val forming part of the next charge. Each “A” vat serves three 
crystallisers, and the charge is run to any desired crystalliser by means of 
a three way sight-box, which serves as a’header to three independent lines, 
each communicating with a crystalliser. Control of these lines is effected 
by rubber plugs, held ‘in j)o.sition between two metal washers, and which 
fit into a seating where the- line takes off from the sight-box. The contents 
of the vat are discharged into the sight-boxes through a screw valve, which 
carries a sunk rubber face and bears upvn a cast iron renewable seat screwed 
into a filling on the vat (Fig. 52). 

^ All the vats arctovered with hinged sheet-iron covers, to which arc fitted 
vertical vent pipes which pass through the foof and discharge into the atmo¬ 
sphere. ' 

As might be anticipated, treatment entailing the boiling of dilute acids 
has a very destructive effect on the plant, and it has been found iiecessary 
to modify this portion of the plant in several directions. Lead coils were 
at first used, but the life of these was extremely short. Later, 2-inch 
internal diameter silicon iion pipes with ;J^-inch perforations were tried, and 
have proved most suceessfpl. On account of the difficulty of making the 
required length in one piece, these pipes are cast ii? two [tieces, with socket 
and spigot, the joint being made with well rammed lead. This type has 
{irovgd so successful that its use has been extended to all vats in the build¬ 
ing. Small branch relief valves, with extensions delivering'just under the 
va* lid are fitted immediately below the steam control valve to each vat. 
When the steam is turned off to allow the charge to settle before draining 
away the wTish water, these relief valves are opened, and thus obviate any 
disturbance in the vai, whjch would otherwise qccur when the control valve 
leaks. So far, only one silicon-iron' steam pipe has required replacement, 
after treating approximately*! ,5®6 topsj[if TNT. , 

The riibbeT seating to sight-hox»valvcs occasioned much trouble for a 
tjpie, bwoming soU and easily destroyed by*the heat and by the necessary 
pressure required tc^ close the valve. Later, however, more highly 
vulcanised rubber was lused, i^jith excellent results. So far, lyiy replace¬ 
ments have been occasione Jby damage to jhc rubber face by chips of wood, 

bolts, or other debrft. -\ 

• ^ • 

The wooden false bottom originally fitfed in the»washer had a. very short 

life, and succeeding replacements met with no better results? Later it was 
replace4 by a lining composed of large slabs of obsidianilc set in acid- 
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resisting cement, and this arrangement has resulted in a much increased life 
of the vat. 

Several stirrer blades broke soon after fitting, and it was concluded that 
this was due to the wedging effect of the blades upon the large lumf)s of 
TNI' which are occasionally present. The stirrers were accordingly 
shortened by 6 inches, so as to allow a rlearance of y inches, and since this 
alteration vvas made no caje of breal'.age othci than from wear has occurred. 
The wear is most marked on the fare of the blades, which finally snap off 
when the blade has worn down to about 3/1 '> inch in thickness; their average 
life is 500 batches. The stirrers are made with snafi and [iropeller head 
separate, in,order <^0 permit of the renewal of the latter. 

In the plant rie.signed for “B” wash house the 3-way sight-boxe'i 
referred to above have been refilaced by bo.xcs carrying a fourth line, which 
communicates with the launder pijie from the upper side-drain. This 
.enables the vat to be emptied for inspection or repair with much greater 
facility than is pos.sible with the present 3-way tyjie. 

1 he first pair of “A” vats were constructed of pitch pine, and these 
were used to treat .some T,yoci tons of 'I'NT before wearing too thin to 
support the sight-boxes. I'hey were rejilaced by a fiair of vats made of 
oak, which lasted only some 2(X) Ions I'ach, after which they collap.sed. 
Replacement had again to be effected in oak, and these weic- lined with 
tongued and grooved i-inch pine boards, Imt with little success, the acid 
water finding its way behind this lining and severely affecting the oak. 
This experience indicates in a mo.st mtirked degree the superiority of pitch 
pine for this class of work. 

Crystalliser.— The purpose of crystallisation has already been outlined 
on page ly. .Since the degrei' of purification is largelv dependent iijion 
the nature of the crystallised product, it is evident that the formation of a 
suitable form at this stage is of paramount importance. The problem 
presents a number of novel features in the matter of |)lant design, and the 
first crystallisers installed exhibited some defects. In the subsequent addi¬ 
tions to this .section of the plant, modifications were ex|)erimenled with, and 
finally a type of crystalliser was evolved which proved on the whole quite 
satisfactory. 

It may be advisable to .summari.se at this stage tlu' more important con¬ 
siderations which arise in this connection. 'J'he ideal condition.s include :_ 

(i) The production of a maximum of very fine crystals (under 20 
mesh), and an avoidance of pellets and lump.s. 

■ {2) Crystallisation and further redaction in temperature to be 

effected as rapidly as possible. 

(,^) Rapid and complete discharge of the contents of the <vy.stal- 
liser, fo as to leave the latter clean for a fresh charge. 

(4) Avoidance of ‘ dead ” areas on which 'I'NT will .set in hard 
lumps. ‘ t 

(l?) ./\voidance*of any features tending to break the fine crystals 
after formation. 
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(6) Rfficicnt mixing* t)f the charge after sulphiting, to ensure 
Tapid’treatment and yi^d a homo^*'neous sludge which can be easily 
pumped. 

(7) •Avoidance of complicated designs for blades and attach¬ 

ments, in older to permit of rapid refilacemcnts as a result of wear o^ 
breakage., ’ 

(8) Lai^c margin* of^power, to allow fOr starting up. tifter. acci¬ 
dental stoppages whilst'crystallisation.is in'progress. 

An extended serifs of experimenis, carried out at the laboratory at the 
factory, determined tl^e degree- of purification elTecled and thun-vtc of attack 
(if I'NT’by sodium suliihite under varying conditions of tifiie, temperature 
and concentration. As a result of the.se investigations the optimum con 

ditions were determined to be ; 

• 

(t) Reaction temperature, 40°-4t;° C.* 

(2) Ratio of .sodium suljihite to I'N’l , ,^^-4 pe-r cent. 

(3) Strength of reae'ting .solution, 3-4 per cent. NaoSO;). 

(4) 1 ime of reaction, 2 hour. 

4 

far practice! these coiTditions.have givi-n vary good rcsultsT.so far as degree 
of purification i.s4;oncerncd. 

«» .Siiicc any excess of Sulphite over that ne?es.sary for removal of the 
i.somers represent.', wastage of » I'N'l', and, since the conditions obtain¬ 
ing on the plant differ in main n-spi-cts from those in the laboratory, 
investijfation of the lower limits of these factors under process conditions 
is desirabli'. For a variety of rea.sons, however, it has not been possible 
to conduct exjierimcnts on lhe.se jioints. The trouble accompanying the 
installation of new plant aiuHhe oiieration of an entirely new process with 
untrained labour occurred in a mirrked degree, anti, combined with the 
demands of maximum output and the necessity for in(;rea.sing the crystal- 
li.dng jilant itself, it was expedient to ])ost[)one an) jilant research until a 
more favourable opportuifity. .Since the theoretical ratio NaaSOn/TNT 
(.assuming < ompletc removal of i.somers .and no « 'I'NT attacked) is under 
2.5 pei .,cnt., it was considered that the jicoentagc of suljihite employed 
(4 per cent.) might be capable of reduction without affecting the degree of 
purilication. . ^ , 

At the timi when 11 appeared noesibh' to undertake investigations in 
this direction, jt was deeified K) nKike pvtde i 'I'NT. asd, in view of the 
higher specificatinn for this GTylUe, the; ex])erimcnt was abandoned in case 
a fall in the degree of purification should resuft* 'I'he opportunity to^ 
develop tSis jroint di 3 not again arise, but in any future w'ork, this must be* 
regarded as a point of ifiuch importanc?-, controlling as it does th^ wastage 
of o TNT and being worthy*of ^ull investigatiop under jhc existing plant 
conditions. 

_ • _ __ » ___ 

» I ' 

* .A.t higher tcmperatuich, aclinij iii)on « ’I'N'l’.increases rapidly; at lowet temperatures, 
action upon the teoniers becomes loo slow. * 
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The crystallisers originally in use were cast iron pans, 6 ft; 3 in. diameter 
X 3 ft. 8 in. deep. The blades, 8 in number, were made of cast steel, 
serrated on both edges and arranp^ed spirally around the central shaft. The 
crystalline product has been uniformly good, using this type, but the rate, 
of cooling is slow cun account of the small surface area exposed and the fact 
that the metal wall becomes lagged internally with a coating of TNT which 
lessens the amount of heat radiated from tb i walls. The mixing effect at 
the sulphiting stage is also slow, the first portion of the charge being there' 
fore veiy thick, and consequently the crystalliser is slow in discharging. 
With a view to increasing the rate of cooling, several n.ethods were proposed 
and a few were tried, but, in every case it was found that any attempt to 
hasten the rate of cooling succeeded only at the expense of the quality of 
the product, and for these reasons they were abandoned. 

The most successful t>pe of crystalliser is illustrated in Figs. 48 and 49. 
This is made in pitch pine throughout, the dimensions being as indicated. 
As a result of the increased surface area, this type of crystalliser brings 
about more rapid cooling than the smaller type referred to above; the 
figures which follow refer chiefly to the later type of crystalliser. 

The outlets of the crystallisers have been recently fitted with treacle 
valves, and these have given every satisfaction. 

Crystallisation proces»s. —The charge of hot water at 90°-too® C. is run 
into the crystalliser to a fixed dip. A charge of molten TNT averaging 
26 cwt. is then run in from ^he ‘ A ” vat to a fixed combined dip. Generally 
speaking, equal volumes of water and I'NT have been found to constitute 
the best proportion; any excess of water beyond this lengthens the cooling 
period and serves no useful purpo.se, whilst a decrease in the quantity of 
water yields a mixture which in the later stages becomes rather dry. and in 
this respect exhibits three defects, viz.:— 

(1) requires much more [)owcr to dri'. e the cry stall user; 

(2) causes attrition of the crystals formed and thus converts the 
oily eutectic into a paste of TNT dust and eutectic, rendering purifica¬ 
tion less complete, and incidentally causing trouble in the filters; 

(3) increases the wear and tear on the blades. 

Employing equal volumes of I'NT and water, however, the charge shows 
little or no supernatant water in the later stages of crystallisation, but 
remains damp enough to be handled by the‘blades without very h('avy 
resistance. 

The fall in temi)erature is very ,apid in the early stages, the charge 
dropping from 90° to 75'’ C. in less than half an hour. As the wet setting 
■point of the TNT is approached, crystallisation commences, and the 
temperature remains almost constant until cry.stallisation nears completion, 
when it again commences to fall. In general, this crystallising period 
occupies slightlv over half an hour, and reduction in temperature after 
this becomes irtcn.*asinglv slow. Under normal weather conditions, the 
temperature falls to 50° C. in 4 to 4^ hours from the time of charging; high 
humidity or specially warm wqatiier increases this period by approximately 
25 per cent. 
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diameter of the vat, and consequent increase in shearing*'action of th< 
crystals on the blades, resulted in a short lifq for cast iron or eteel blades 
but for other reasons than this- heavy wear the replacement of these bladci 
by something other than iron was rendered imperative. These reasons ar( 
, discussed under the section dealing with the filter and acid wqsh vat 
Wooden .blades were fmihd to answe^r very well; the life is in the neighbour 
hood of ,150 batches, but is somewhat crr.atic. The bl?des are four ir 
number, made from singltf slabs of a suitablc'’hard wood, such as elm. Asl 
has a tendency to become stringy with wear, and ptipiar tends to split at th( 
supports. The angle at which the bludcs arc set ir. a most important factSr 
in this type of c.r^'stalliser, an angle of 30*^ has given the best results. Fig 
48 illustrafe.^ t|ic blades and the method of attachment. Tl will.be'no'iec 
that the bladi; is suppor|ed at the mid by a bar lurried from an'overhetlc 
straining bar fixed to the shaft. This si(l<> bar servos the doublefmrpose ol 
supporting the blade and arting,/is a side seVaper, kewping the sides of iht 
crystalliser free from 'I'.NT. The.se scriiper bars were at first made of iron 
but lasted only a b-'w days.^ A covering of she et al.uminiiim wrapped arounc 
the iron bars gives them a life lunger than the blades. The excellent service 
obtained with aluminium in this case naturally'suggests its u.se for blades ir 
a similar manner. lixperinients in' this direction, however, were di.c 
appointing, the nicta,! cutting badly on the edge meeting the crystals. 

The rapid wear of iron or steel is a matter of .sonif .surpri’se. It waij ai 
first thought to lie jiurely a question of attrition, but the experience with 
aluminium refutes this thqor)'*. /I'he sugge.stio9 of cherfiical action upor 
the metal by the acids remaining in the TN’J' does not apjiear to e.vpiain the 
case, since the wi'ar of the central sHiift and parts of thu blades near, the 
centrc' is negligible. Tt is more likely that the action is due to lUtrition by 
the crystals indirectly, the cleat surface of the metal exjtosed brnng super¬ 
ficially oxidised, and the resulting film of oxide being continually swept 
away. For reasons discussed below, the introduction of iron is'.specially 
undesirable. 1 he slight wear in the case of the earlier tyjte of crystallisei 
blades, however, allots their use to be continued in these crystallisers with 
out any .serious deleterious effects in the jirocess. I'he more recent plant 
installed* in “ 15 ” wash-hou.se has also been provided with wooded •crystal- 
lisers, and the.se were fitted with w'ooden stirrer blades which‘have given 
good results. The blades are ii in. wide x 2 in. maximum thickness and 
arc made of ash or elm. Four blades a.'e i)rovided in eaefi crystalliser, 
these being all on one plane, the lowest edge of each being 2 inches off ihr- 
bottom, whicli results in the, fortnatiem of a laytM- of TNT 2 inches thick on 
the bottom of the crystalliser. The .stirface of this adju.sts itself to the path 
of the blades and the whole of th® TNT, '[s properly crystalli.sed. The 
pitch of the blades is 4 ii^ches in 11 inches along the horizontal, this having 
proved the most effective arrangement. 

Sludge pumps. —The centrifugal pumps run at 1,400 r.p.m. and each is 
direct coupled ti^a motor. A well crystallised batejj free from lumps is 
^generally dischafgif.'d by the pump within eight mVutes. Most of the 
‘pumps have been of the Dupont type, but any good sand pump is suitable 
for the piirjfhse. The Dupon^ jMimp has given good satisfaction, and the 
provision of an inspection dooi enables lumps to be* removed and the 
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impeller exambed with a minimum of trouble. Much of the difficulty 
which Vas a| first experienced with theso pumps was due to attempts to 
pump ve^ thick sludge. Under these conditions, the flow occasionally 
stopped andithe friction generatcd*in the pump fused the mass. It has 
been found that cfilution jvith mother liquor td yield approximately two , 
parts by weight jf TNT ciy'stals to dircte parts of liquid gives a,suitable 
pumping mixtur». In “ B ” washhouse .direct-dru^en pulsomctcs sludge- 
pumps were installed, and these have proved more satisfactory than’the 
ceqtrifugal type referred fo above. 

The troubles whiclf a/e mot with iii running the crystallising plant are 
maiply, mechanical in nature. Although the povyer cortsuntpd by each 
crystalliser is not large* (approximately 4 to 5 h.p.), the slow speed of the 
average drive necessitates large belt areas for transmission, and the first 
design did‘not prSve suitable; Jatcr both pullcys’and belts were enlarged 
with satisfactory results. Accidental stoppages necessitate at times a large 
margin of power over that necessary for normal running. 

Sluder />ox(’x.- -Thc. ihcfl^cient mi.\ing in thd earlier types of rrystal- 
lisers’led to the discharge of .a very thick sludge in the earlier part of the 
di.sThargc, and the pipe leading froai the crystalli.ser to the pump con¬ 
tinually became choked. To obviate this, sludge-boxes (shown in Fig. 50) 
were installed immediately below the crystalliser discAarge cocks, and in 
thijie the sjiidge coiiirf be thinned, and temporary blockages of the pump 
could be more ea.sily dealt with. In the case of the later type of crystal- 
I(,ser, thejiiixing is excellent and .similar rea.sons for installing sludge boxes 
do not exist; the bo.xes were n-tained, however, to allow for the emptying 
of the rising maiif on completion of |)iimping. 

• * 

• 

Filter and subsidiary plant. —The function of the filter is to effect the 
r^emoval by drainage And washing of the .soluble sulphonates which have 
been formed as the result of interaction of the crude I'N'l' with the sulphite 
liquor. If the sulphonates an' not i gmpletch removqjtl, the acid treatment 
which the product undergoes after leaving the filter (discussed later under 
B ” or acid wa.sh vat) will form free suiphonic acids. The question of the 
distribution of these sulphonic acids between the water and the TNT is still 
an open one, anefthe effect of their presence in TNT i^not definitely known. 
They :.pp( ar to be very soluble in water, bu' may be equally soluble in 
TNT. in addition they apficar to have an emulsifying effect on the TNT 
water mixture, with its consequent process troubles. 

The filter and its connections are ghown diagT'ammaticallf in Fig. 46, 
and in greater detail in,Fig 54. ,Tt is a cast iron tank with the filtering 
medium supporfed a few inchcs^-lcar rff fhe'bottom. An outlet for drainage 
is provided, and a door through Vhirh fhc washed *»!rystals are di.schargcd. 
The,drainj|ge of the mother liquor and subsequent washing are expedited 
by putting the filter aindcr vacuum. The vacuum is obtained by a dry 
vacuum pump cnrninunii ating ,with the filter by an overhead lint. The 
liquid from the filter,flows into a Torriccflian"fdll tuhe provided with a 
vacuu,m chamber, which* serves as a spray trap, and fron»Ae top of which 
the vacuum line takes off. A storage tank for motherdiquor is situated on 
th'e floor bclo^, and the fall pipe branches •at, this point to suppfy the tank. 
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The lower end of the fall pipe, and also the end in the mother liquor tank, 
discharge into seal pots. The length of the fall tube is about 25 feet, and 
in practice, a vacuum exceeding 20 inches of mercury cannot be used with¬ 
out danger of liquor rising in the fall pipe and overflowing the vacuum linp 
■ into the pump. I'o obviate risk of danger to the pump, a catch-pit has been 
installed, but the adojltion of a wtt vacuum pump (as at “ B ” house) avoids 
any danger of damage to the ]wimy) resu'ting from the sucking over of 
liquor. When running to the mother liquor tank in the earlier stages, a 
vacuum of 4-5 inches of mercury is all that can ne used on account of the 
comparatively small difference in head. 

Filtration.-process.| —While the charge is being pumped up ftom the 
erystalliser, the outlet cock from th'e^ilter and the cock to the mother liquor 
tank are opened, the down line cock being clo.sed; meanwhile a 5-inch 
vacuum may be used. On ((impletion of draining, or when the mother 
liquor tank is full (whichever be first) the cocks at the tee on the down line 
are reversed and the vacuum inert'ased. Washing is commenced as soon 
as the surface of the charge is drained. I he jrrocedure which ha.<-- been 
found to give thorough washing in minimum time is to wash with small 
successive quantities of water at frequent intervals. In this way displace 
ment of the mother liquor is best effected. In jrractice, three washes of 
4 inches, and later three washes of 2 inc'hes of water suffice. 'I'his repre¬ 
sents about 200 gallons of wash water. Tf or. emptying the filter the lower 
levels show traces of red,mother licpior, the door is again closed, and the 
batch given the requisite further wa.shing 

On the completion of washing, the batch is drained and operatives' then 
enter the filter and dig the washed crystals into the “ B ” or acid-wash vat 
situated immediately below. Several jiroposals for emptying the filters 
mechanically have been con.sidered. Emptying by me.ans of a water jet 
was tried, but did not prove practicable on account of the excessive quantity 
of water required. Some mechanical .stir'^cr with a slowly descending 
movement would apjicar to be a jiossible method. 

The excess of mother li(|uor is run to the launder and through the 
settling pits at the recovery plant, where approximately i per cent, of the 
output is recovered and returned to the washhou.se. 

Two main difficuities were experienced in operating the filters. First, 
the crystallising in the outlet pipe, of TNT from the warm mother liquor. 
This re.stricted the delivery of the pipes and consequently increased the 
tendency for liquor to b? carried over the vacuum line, e.specially in cases 
of carelessness. The increased number of crystallisers later permitted a 
longer time-cycle in the erystalliser and consequently yielded a cooler 
sludge, so that the amount of TNT thrown out in the pipes diminished to 
„ negligible proportions. 

The second difficulty gave considerably more trouble. It arose from 
the attPtion of the. iron cry.stalliser blades previously referred to. The 
slight organic acidity remaining in the TNT fed to the crystallisers 
apparently sufficed to take this iron into solution. " On the addition of the 
alkaliqp sulphite, however, the .soda took the place of the iron, and the latter 
was throvm out as hydroxide. Generally, this hydroxide remained ‘in 
colloidal solution, but the aeration in the .course of pumping up, and the 
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Washing with a hard water, pr^ipitated the iron hydroxide on the crystals. 
In this conditiSn, it effectually blocked any ordinary filtering medium, and 
rendeAd ttt 4 passage of water through the crystals themselves a matter of 
some dif^culty. The filter clothi^ us^d the filters rapidly became 
impassable, ftequently after two charges only. These difficulties were met 
by spreading a layer of granulated TNT, about an^inch thick, on top of the - 
filter cloth, and gimuch coarser variety of cloth cqfild then be employed. 
The resulting filter bed, heavily charged wieh iron hydroxide, could then 
be removed with each c^argd and as readily replaced by a new one.' it 
may be noted, however, that the* iron^ hydroxide appeared to absorb the 
mother liquer to some.' extent, and thus render the removal of the mother 
liqqoriin extremely slow proceeding. Further considerations,j,h,pwcvcr, as 
dijcus.sed* below, necessitated the elimination of irem. Since then the 
filters have given little trouble, and the following filtering medium has 
proved very .succe.ssful. Restipg on the bottom of the filter is a perforatec} 
iron base in four quadrants, suppoited clctir of the bottom on 2-inch legs; 
above this is laid the filter cloth, wedged around the edges of the filter by 
rope. The material of this cloth is a firm he.ssian. Abovt'; the cloth is laid 
an altiminiuni plate, perforated with numerous j-inch holes, and finally a 
coarse ^-inch mc.sh wire grid. 'I'he purpose of the aluminium plate is to 
protect the filter cloth; it incidentally prevents the crystals from washing 
through in the^initial stages of pum[)ing in a frc«h charge. 

^ brief mention jgay here bi; made of the proposal ,to dry the crystals 
at this stage and market the purified 'I NI' in the crystalline form. The 
Ufiysical.form of the cry.st'^ls appears to be ideal, andpicid washing (.see 
lateir) presents no serious difficulties. Drying, in this form, however, would 
entail mOre j)liInt*Qnd handling than is required for drying the melted pro¬ 
duct. Further, the drying and sifting of the crystals would be a dusty 
proceeding and one accomp.anied by .some degree of danger. The 
appearance of the pryslalline product is, moreover, very deceptive. 
JVlthough it appears very satisfactory, the melt is invari.ably bad. This is 
mainly due to minute fibres vliich hqvc been rubbed off the “A” vats and 
crystallisers. These fibres cannot be removed by any method of selection 
or cla.ssifying, since in many cases crystals have ^own round them.. Their 
presence* could perhaps bi prevented by the .substitution of en*ameiled 
vessels, but cxpA-icnc« indicates that the latter would„have a comparatively 
brief, life. For these reasons it is considered that the present practice of 
melting, washjpg, and granulating the cry.stalHne product is preferable. 
By suitable treatment, a very thin and finely granulated flake can be made, 
which compares not unfavourably with rhe crystallised product. 

• • 

. “B” or acW-wash Vat.— T^c Puapsse of the next stSp in the process 
is to render the TNT acid, .uki kicidenfelly to melvhe product for further 
treajpent. • The sulphite u.sed for purification 's,.strongly alkaline, and to * 
ensure tbat no alkali regiains (with its tendency to form dansjerous com¬ 
pounds) the TNT is rendered slightly acid. * j 

The " B ” vat (see Figs. 46 and 52) is hal^filled with boiling water, and 
to this approximately h 4 b. of sulphuric acid (93 per cent^ nr a correspond¬ 
ing qfiantity of nitre cake (which has the advahtage of freedom fromodanger 
iff handling) is added; 8 lb. uf nitre cakoiarc usually used, tffis quantity 
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having an acidity which is slightl) in excess of the 2 lb. of sulphuric add 
mentioned above. 

Into this boiling dilute acid the contents of the filter a."e.shovelled, 
whilst agitation and injection of steam are in progress. The charge when 
melted is stirred for a few minutes, allowed to settle, and the acid water 
drained off. The vat is then filk-d up with boiling water, and the cock con¬ 
necting it with the “C" or final-wash vat is opened. 'I'he TNT is then 
displaced across to the “C ” .^at. Ihe woiking limit lea/es two inches of 
TNT in the "B” vat, to av(iid the possibility of any acid water getting 
across ftito the " C ” vat. 'I'he cock is then closed, acid added, and the vat is 
ready for ancjther charge from the fifter. * t 

(ionsiyefabl* lroubl,c has been encountered at this stage of the process. 
The average life of tL'; wooden .stirrer employed does not exceed two 
months. ’I'rials with cast iron stirrers have pnjved finite unsatisfactory, the 
stirrer blade being cut away by the combined action oPacid and crystals 
within a week. The connecting; line tfl the ” vat has al.so been a very 
troublesome feature. Various kinds of .straight pipes were tried, but the 
continual expansion and »ontr?iclion causeck continual leaks at the junctions 
to the vats. Finally a dia^jonal line was installed, made entirely in cast 
iron, with a right angled bend at eaeh,end to allow of fixture to the vat, r'nd 
this has been c|uile successful. I'he joints are niacje with a thick rubber 
washer, but most of^he e^jpansion a].)pears to be taken up by the bends. A 
cock is fitted toj?a(;h end, to enable repairs to the line^to be conducted with¬ 
out the necessity of.-emi)tying either vat. During the |)roccss, however, the 
cock by the "C” vat is kepi’ permanently opyn, to avoid :iny danger of 
bursting the line Between, through change in temperature. 

The acid treatment, as outlined above, does not remwe iron hydroxide 
very’successfully. I'he crystals are shovelled into the vat in a moLst 
coherent form, and on striking the boiling water commence to melt as a 
sticky mass from the outside inwards. During this process part of the iron 
hydroxide bc-comes enmesheci in the melting rN’l , and being thus sur¬ 
rounded by an oily pellicle of TNT it becomes impervious to the action of 
the acid water. When this trouble was at its worst, the major portion of the 
iron hydroxide appeared to remain in the 'I'NT and was thus carried 
through” to the “C” v:it. In addition, iron ^hydroxide is an excellent 
emuksifying agent, and consequently acid water wag carried across to the 
“C” vat w'ith th(! TNT, whiLst 'I'N'J' in suspension passed with the wash 
waters from this vat to the launder. 'I'he question rapidly became serious, 
and, while new blades were being con.structed, an endeavour was made to 
effect the removal of the,iron.' Tly.* means adopted consisted in maintain¬ 
ing the temperature of the dilute acid, jpto which thoH rystals are discharged 
from the filter, below the meltiag; point of TNTr^ In this way the iron 
hydroxide is readily attacked and .completely removed iTi the acid water, 
and subsequent melting decs not cause its inclusion in the TN'I'. The 
' effect of this alteration in procedure was immediate; the fini.shcd product 
became quite bright and emulsification disappeared altogether. This 
method of treatment had two defect.s, howi ver, which led to its abandon¬ 
ment as soon as the iron blades w'ere replaced by vood. In the first place 
the procedure oci upied nearly twice the normal time, and thus restricted 
output,'and in the second place, the method proved very severe on the plant 
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The stirrers wore away rapidly from the attfition of the crystals, and jam- 
ming of the drive was of frequent occurrence. Apart from these points, the 
mo(Mcatio!lt has very great advantage!, and if these defects could be 
overcome, it would probably be j^lvfsable to adopt the method, since the 
• present pro*cess does not completely remove iron. Even with wooden 
aystaHisers and wooden»blades, iron is invariably present in the product in 
the filter, and a^roportion of it passes through to •^c drier. • 

“ C ” or final-wash vat.— The object of.this, the last stage in theprbeess 
prior to drying, is to rcmj^ive any’acid, which may have been carried forward 
from the previous and-wash. , * 

• If the operation ig tlie “ B ” VTit has been correctly carried «ut,* the first 
wash in this vat is ne'utnd. If such »not the caSe, Howevfir, washing must 
^be continued qntil the wash water is neiitr:rt. 'Fhe A'a.sh water is 
run off by an upper drain .box and returned to the "A” vat, where 
, it serves to wa.sh the* crude pellite’fnm tHb nitration house. The acid free 
TNT is run off through a lower box direct to the drier (Eig. 52). 

Witli the exception of the Veplac'ement of thf' lead steam pipe by one of 
-silicon-iron, this vat has iinSlergoni' no alteration. At the time, of the iron 
hydro.xide difficulty, however, the feefiaration of the TNT and water in 
any degree apjiroaehing conipletene.ss ,was impossible, since the watery 
emuLsion confaining 'I’N'I' and iron was returned to fhe “A” vat and thus 
kiipt in the .systi-m.the effect quickly becoming cumiiktive. 

The " vat.? in the new sulphite washhoti.se have been raised 13 inphes 
above the “C” vats to ftikilitate gravitation* of •molten,'J'NT from one vat 
to the other. 

Fij 7 52 shciw* a portion of the sulphite washhou.se in which may be seen 
the filter (right hand lop corner); melt vat (right hand bottom corner); “B” 
and “C” wash vats; and the run off from the sight-box of the “C” vat to 
the drier (girl operating valve) * 

^ The sulphite process log-sheet is reproduced on the following page. 

• 

Preparation of sulphite solution.-r-The jireparation of the sulphite 
solutiop has given very little trouble. Waste sulphite from .synthetic 
phenol*manufacture has been used throughout. The following analysis 
gives the avera*|je composition of the product supplied :— 


Na,SO, 

Per Cent. 
73 - 8 o 

Na^CO, 

•.,* 1.83. 

NaOH*. 

• . . 0.46 

. ‘1.54 

1 \isoIiilde 

Water 

f. 

• 


The difference consistschiefly of sodium sulphate, and the insoluble matter 
is mainly iron hydroxide ancl calcium sulphite. It is importani that the 
alkali cortent be kep^as low as possible. .• « • * 

Xhe solution is pr 3 f)ared in a cylindrical iron vessei, f> ft. diameter x 
3 ft. 6 in. deep, provided with suitable stirring gear. • The muddy*solution' 
Obtained is j^pniped to a series of settling* tyiks, from which it* is drawn off 
10199 . • • H 
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after 24 hoyrs settling and jumped fo overhead tanks, whence it gravitates 
to ^Jie wach house. The strei^th used is approximately a 10 per cent, w/v 
solution; a higher strengtlf being avoided, on account of danger of crystal¬ 
lisation m the pipe-lines during cold weather. Since alkali, more 
particulMly caustic alkali, has a solvent effect upon, and is thus wasteful of 
TNT without having dhy marked purifying effect, the presence of this stfb- 
stMce in the Jsulphite is undesirable. Partial ^acidification of'the ‘solution 
with nitre cake was tried, anci analysed indicated that the alkati*was sensibly 
reduced with little apparent action on th« sulpliite. 'Phis work was‘in pro- 
•gress when operat^n^ ceased,* but.it is deserving of further investigation. 
The figufes obtained were as follows 


NajSOs 
Na^COs 
NaOH . 


Sulphite solution befote 
atlding iiiti;^te cake. 

• 

• Por'cen\. • 

11.40 ^ .. 

... , 0.40 ’ ... 

0^04 


Stlphite solution in 
whk:h nitre cake in 
the proportion of 
56 lb. to 700 lb. of 
crude sulphite has 
been added. 

Per cent. 

11.20 

0.18 

0.014 


• • 

Rise in setting.point by sulphite washing. —The «ise in setting point by 
sulphite washirtg has maifitained a very constant average of almost 2.2° C. 
A report on this metho^dby the Research Department, Woolwich, indicates 
rht rise of setting point of TNT (containing 4 per cent, of /l and y 
tsomCrs) to*b» 2.4° C. The figure quoted above may, therefore, be con¬ 
sidered, vt?ry satisfactory for plant practice. 

Each batch of crude pellitc is tested before tipping in the “A” vat. 
The lowest limit allowed for firade II. is a wet setting point of 73.7° C 
the lower limt for Grade I. being 74.2° C. These wet setting point values 
;arry a correction of 3.7‘' to dry setting point, and with the further addition 
if 2.2® for sulphiting, yield the folloiying figures:— 


* Grade II* 

W.S.P. 

W.S.P. io D.S.P. .. 
Sulphiting rise 


Grade I. 


® c. 


° C. 

737 

W.S.P. * ... 

74.2 

37 

W.S.P. to D.S.P. .. 

37 

2.2 

Sulphitintr rise 

V? / 

2.2 

79.6^ 

• 

80.1 


; Losji of tot in sulphite washing.— Several atteinpts Save been made 
^ determine the Ip-ss^n punfi(^ation, but the conditions obtaining at Queen’s 
Ferry did not, for a varietj of reasons, permit of accurate determinations 
The 3 and y i.som^ers, which average .4^ pei«cenl! on the crude material 
are almost completely removed, and, in addition, und#mhe intensive work- 
^ mg of the plant and consequent occasional sulphiting in the region of so® 
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to 6o° C., an amount of .< TNT probably in tiie nciglibourhopd of 3^ per 
cent, has been removed. 'This woubd give a total loss of 8 per c^t., w^iich 
figure could be appreciably improved upon by sulphiting betweai '40° and 
45 ° C. 


DRYING. 

V f 

General.— The 'J'NT running into the dryers from tbe washhouse 
possesses the following characteristics :— 

(a) It contains a small amount of sediment consisting of lead 

sludge, grit, s(J-called “ transformation product,” ?nd wood fibre from 
the wash vat's. ' ' ■ 

(b) It contains i.i per cent, of water in solution at 85° C. • 

(c) In addition to the dissolved water, it is mixed with as much as 
0.5 per cent, of water in ihe form of an emulsion; this soon breaks down 
at temperatures exceeding 100° C. 

Sedkm'iil. —I'he bulk of the hcav)- matter settles out in tlie first drier.. 
I'his necessitates the cleaning out of the driers once every four months, 
when there is normally about 2 inches of sediment in the top drier, i inch 
in the middle drier, and inch in the bottom drier. 'J'lje detonating point 
of this deposit is .somewhat lower than that of elude TN’l', varying from 
280° to 300° C., the detonating' })f)int for normal 'I'N J being 313° C., 

'I'hc continuous washing plants affect the drier depo.sits in the following 
ways:— 

(1) In thi: house in which the first (wooden) continuous washer was 
installed, the- drier deposits were much imarcased on account of the 
large amounl of waiod libre from the washer ;uid sludge from the lead 
steam pijx-s. 

(2) In the drier's, attached to the cast iron continuous washer, the 
amount of sediment is much smaller. 

1 he lighter matter, r.g., wood fibre, passes dow*!! through the driers :ind, 
if trot removed, pas.ses over the granulator roll together with the TNT’. 
This is certainly small in amount, :ind can only be removed by filtering. 

The original drying scheme provided for the filtering of the TNT after 
it had passed through the first two driers. This was much criticised at the 
time, but cxiiericnce in the sulphite process has .since confirmed the suitability 
of this arrangement. It proved quite impo.s.sihle to filter TNT in its wet 
emulsified state, the fine gauze filter (66 me.sh) becoming rapidly choked, 
but little difficulty w.as experienced in filtering the TNT after it ha(l passed 
thiotigh the driers. The mv)st suitable stage for filtration is before tHe' 
TNT is cooled for granulation, a 60-mesh phosphor-bronze trough-shaped 
sieve being'quite satisfactory for this purpo.se. 

Emulsion of TNT and 'd'aier.- T'he greater part of the water com- 
bined witl the T'NT in the form of an emulsion separates out and . 
fvaporates in the first drier 
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Water d^ssolve^in TNT .—The water in solution can be removed by 
keeping .Ae TNT for a sufficiently Ipng time at any temperature above 
100° C. ■ in practice, a peAod of 2 hours at 110° C. is found sufficient. 

* • • 

niSCONTINUOUS DRVJNG. 

E^scontiikuous driers. —A complete discc)ntir»uouS process drying unit 
comprises tw<J sets of three .driers each. , *• . * 

Each drier consists of ,a rectangular wrought iron tank, w f^ n: 6 ft. 
,x 2 ft. 3 in. deep, with’a slope of 2 inche^towards the outjet, and.a working 
capacity of 4^ tonsjof 3 'NT. ’Thclatlpr flows down by gravity from drier 
to drier through steam-jacketed wrought iron i)ij)es fitted with cast iron stcam- 
jacl!et(id cocji.s. EAch drier is fitted with four.I-iijcb clysad*wrought iron 
’steam coils, supported'on angle irdiis one inch^from the Imttom, and .sup¬ 
plied with low«|)ressure steam at 30 lb., per sqyare inch. The total length 
of coil is approximately 80* feef. The, exhaust steam from the driers is 
utilised to heat the dish under the granulator r«ll.. 'J'he .steam required for 
heating the jacketed pipes iipd cocks is provided by m^ans of a by-pass on 
the* main drier system. The fumes given off during drying were at one 
,time drawn off byjneans oT 4-in(h pottery pipes attached to the aluminium 
covers of the driers, and connecK'd'to the fume e.xhauster of tfie granulators. 
'I'hese were later cut out in order to incfea.se the dragght on the granulators, 
and i2-inclf vertical sheet iron ventilating shafts were fitted to the tops of 
the driers whicliph^s through the roof and cjischarge iTitd the atmosphere. 

Each dryer*is connectod to a safety device^ whereby its contents may be 
drowned with water friftn the fire main in ca.se a fire occurs in the building. 
This •emergeig-y system is brought into ofieration by means of valves 
situated at various places ea.sy of access outside ihc building. 

Discontinuous drying process.— The final wash vat delivers the washed 
TNT to the first dfier of each set, which .serves as a settling or storage tank 
for the remainder of the rlrying system. 'I'his is heated by steam coils and 
kept at a temiicrature ap[)roaching^ 100° In this*tank a .small separation 

of water . arrii-d mechanically with th? d'NT lakes pla< i', but in the interval 
betw<i-n delivery of successive charges the waliT is completely*boiled off. 
If, however, any emuksificalion is taking place in the washers, a much larger 
quantity oi water is brought down w'ith the 'I NT find tends to accumulate 
in the drier. For this rea.son, the appearance of the TNT in tfiis dfier tank 
icflecis very*markedly the working conditions of the proce.ss. Besides the 
|)relimmary drying which this tank a^fordsf it selves to .settlt; out grit, slime, 
and general debris from the TN'f. • .Sinci' this layer of deBris is very diffi¬ 
cult to remout, however, .sevt-rak ajtejnpts have been made to filter or even 
to strain the TNT Betweep'tfie §naj wash vat and this drier tank. . Such 
attempts have all been unsucce.ssful on ai'count of-the iemi-emuLsified 
nature of the product.. It has only been founcf possible to filter the product 
after settling and'partially drying; for this reason filters are interposed 
between the feed tank and the driers. * 

■< Filter .—The filters are shallow gauze Ijaskets, onemf which is set inside 
, the top end of each drier under fhe delivery pipe frofn the feq^ tatk. They 
are of 80-iSesh phosphor-bronze wire, sfeol or tinned steel being useless o» 
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account of rusting. They are designed as simply as possible,, to permit of 
rapid cleaning, which is effected by^turning them upside down a^d blojving 
steam through the gauze. Norjhally, the resiliue is a mass of fine wood 
fibre which must be removed once every rhift. If any appreciable amount 
of iron hydroxide is present in the TNT, however, the filters become 
inoperative very rapidly. 

TNT enters the first drier (or settling tank) at approximately 85® C., 
and tlje temperature is here, raised as nearly as. possible to 103® C. The 
main part^of the drying takes place in the second drier, in which the TNT 
remains undisturbed for a period of 2 heurs at a temperature of 105®-! 15® C. 
The third, drier serves merely as a cooling vessel, in which the temperature 
of the TNT is allowed to fall to 85® C., this tempersture being Ae most 
suitable one at which to granulate the pioduct. 

During operation, a steady flow of TN'l' is allowed ta pass from the 
third drier into the steam-jacketed tray beneath the granulator roll. When 
this drier is empty it receives the full charge from the second drier, the con¬ 
tents of which have been kept unijisturbed for a period of not less than two 
hours. The second drier, when empty,'receive.® the full charge from the 
first drier. 

Cleaning of driers—'l\\c following procedure is adopted for cleaning 
the driers. The driers are emptied as completely as pos.siblo of 'FNT, 
and allowed to cobl. The covefs arc then removed and the sediment 
chipped off with chisels and mal'ets of any suitable hard wood, the opera¬ 
tion being completed by a jk of steam. The deposit when removed is 
burnt. 


CONTINUOUS DRYING. . ' 

Continuous drying plant and process. —^Continuous drying plants (see 
page 15) have been installed in 3 of the 5 TNT units. In the continuous 
process, TNT flows from the first drier or storage tank, referred to above, 
in the form of a thin film 1/20 inch in thickness, along a wide shallow iron 
channel which is heated by means of a .steam-jacket into which steam is 
passed at a pressure of 30 lb. per square inch. The TNT leaving the drier 
flows into a cooling trough whence it passes direct to the granulator (Fig. 46). 
Thus each of the two continuous drier sets dispenses with two of the large 
driers used in the discontinuous firocess, and the quantity of TNT in 
process is therefore greatly reduced. 

The entire plant for each unit' consists of 2 drier sets, each comprising 
feed tank (the original first drier in the Jiscqntinuoug process), 2 steam- 
jacketed continuous driers, and a cdolin(, chajujel. ' 

Each drier consists of a-hot,plate, 12 ft. long x 2 ft. wide, having a fall 
in Its length of i inch; margin plates are bolted to the edge of the plate to 
prevent TNT flowing over the sjdes. The flow of TNT from the feed 
tank is regulated by means of a regulus metal screw-down plug-valve, wifh 
a rubber inset and operated by a spindle which extends through the cover. 
From the first drier »the TNT flows along a channel iron trough to the 
second drier, whence it passes through a series of cooling channels to the 
gjranulator. 
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The teiQjperataret of the TNT and its*volatile content (V.M.) at the 
VMQUS st^es of the process are given,in Fig. 53. The general arrange¬ 
ment of thi building is indicated in Fig. 54, which shows girls operating the 
steam walygs on the feed tanks, and also the continuous driers and cooling 
channel to the granulators. 


^ mtrasher 



Output- 1-25 Tons Pur Hr. 

Skorn'Pressure - 29 tl)s. Per Skpln. 

Fig. 53.— Continuous Drying Plant 'I'kst Run. 

’ • GRANULATING, PACKING AND STORAGE. 

General. —The .plant for thiS purpose consists in each unit of two granu¬ 
lators, one weighing machine; a system of conveyers, a screwing machine, 
and trolleys for conveying \he packed boxes of T^T to the magazine. 

• 

. GRANULATION. 

The granulation of tHe dried TN'l' is effected by gunmctal drums (Fig. 
5!^ internally cooleS by running water, which rotate in a shallow tray contain¬ 
ing the molten TNT. A layer of TNT is picked up, which aftdr solidifying 
ou the drum is removed by a knife-edge. I’he granulation of sulphited 
TNT is a very dusty prqceeding compaied wjth that of the less purified 
product, on account of the removal of the low setting point*impurities. At 
“A” washhe^j^e new du.st fluesbeen erected, and a device for the 
removal of the dust In a weff^ate w:|s in contemplation when the plant was 
shut dovKn. ^ 

Granulator. ~?The granulator consistsof a hollow gunmetal drum, 2 ft. 
diameter x 3 ft. long, the thickness of the shell wljen new beiftg approxi¬ 
mately f inch. This is revolved at a rdle'of t*2 r.p.m. for the lower grade 
of'TNT; for the production of the highest grade of ^Aiduct the speed j|s 
• reduced to about 4'^ r.p.m.^ The drum^is supported on truqnioa bearings, 
through ojfe of which the cooling water onters by means of a ^-inch pipn 
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which is directed to the bottom of fhe drum.* The warm w|ter -ov^ows 
through the trunnion bearing at tl^p other end, so that the drum, is aJWays 
half full of water. The drum'is arranged s6 that it dips inK>a- steam- 
jacketed bath, which consists of a cast iron base with a brass^pan f inch 
thick. The pan is heated by, the exhaust steam from the TNT storage taiik 
feeding the continueus ^pers. Tl\e granulating knife consists of a gun- 
metal blatfc, 5 in. deep f in. thick, one edge of which 4 s brought to a 
chisel point; this edge resfe agaibst the roll for*its entire length. The blade 
is attach'ed to a steel back which js held in posifion by two brackets fixed to 
the cast iron “ A’’’ frames supporting the trunnion bearings. The whole is 
encased in a light sheet iron coveiing jirovided at the (oji with a*fume pipe 
and below v;ilJi a’«c;hute to convey the I'NT to the .weighing tins. 'Tke 

general arrangedicnt is shoVn in Fig.i!|)6. 

• • 

. Fume system. —The oHginal Equipment •consisted, of a 4-inch fume 
take-off from each granujatpr, leading to a 6-inch fume-main which opened 
into a 24-inch earthenware main loading to two 25-inch fans direct-driven 
by electric motors aijd operhted‘alternately. 

• 

packunTg. 

Weighing arrangelnentst —I'hc weighing machines arc ot the plus or 
minus recording type. I'hc TNT is weighed in liacr-bags iij tins o' 
standard weight (Fig. 56). ” ' 

Conveyers. —The liners when filled arc tied up, tipped out of the tins, 
and placed in wooden boxes. I'he supply of empty boxes to the weighing 
table and of full boxes to the screwing machine is carried out by means of 
mechanical conveyers (Figs. 56 and 57). 

• 

Screwing machine. —The lids of the boxes arc screwed on by means of 
an automatic screwing ^pachine (Fig. 57). one df which is installed in each 
packing house. The boxes are then taken, 12 at a time, on flat trolleys 
along a 24-inch gauge tramway to the magazine. 

. STORAGE. 

Magazine. —Each magazine is 50 ft. x 32 ft. x 8 ft. high from floor to 
springing of roof (Fig. 58). All lighting of the magazine*is external, 
electric globes being fitted in special viater-tight boxes outside the .skylights 
in the roof. * • , 

RECOVFn^Y'p'LANT. 

Treatment4>f contaminated TNT. —A var)nng quanyty of contaminated 
TTIT, which results from thS processes already described, is collectqj} from 
various sources for recovery of the 'I'NT and orther nitro bodies contained 
in it. Th^ treatment lyhich.such material undergoes varies largely with its 
source and also with its purity. * thus, TNT resultiag from spills in the 
A^shing houses, or ffbm the waslvwater cooHng launders, is conveyed direct 
to the wafers, where it*is q^ixed wi,th a charge pf pellite from the nitration 
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house aji 9 .T«-washe«f. Th^ deposit wffich accumulates in the far end of 
the eQoIiit|r launders is removed into ^x^s and allowed to drain befbi;e 
being cafried to the recovery plant where it is mixed with dirty TNT from 
^ floor ST^e^gs, effluent dram citch-pits, bag shaking plant, dnps from 
cocks, etc. ’ • 

t ISdlid nitr(>bDdies ofiier than TNT are conwyed to the recovery .plant 
from various dpurces on the Acids SectionTliJ moA important points at 
which solid nitro-body is*d^osited are the spent acid storage tanks feeding 
the denitrators, the fafts sft the Gaillard towers, and tlje Cottsall fume 
precipitator.' , 

The contaminated material from the TNT and ^ids Seodons are 
melthd^separately iw lead vats fitted with perfbrated ‘Tqjs# bottoms, the 

• inolten nitro-body in bdfh (^ses beihg drawn into taperpd iron moulds 

• of meanViiameCer 23 inche^and approximately 16 inches deep (chained, 
by cutting disused steel druriis in.two at tfie largest diameter), in which ifis 
•allowed to cool. Cooling occupies about 3 daysifor TNT and consider-, 
ably longer for nitro-bodies of lower setting point. The, solidified contents 
of the moulds form in two kyers. ^The top layer, which is 2-4 inches thick, 
consists for the mo§t part of dirt, etc., previonsly mixed with the nitro-body. 
This layer is scraped off and removdd in boxes to the burning ground. The 
moulds are then inverted and the cast fiitro-b^dy removed and broken up 
into lumps. * The product resulting from this treatm^t is of high setting 
jpoint, ar^ if of gdbH coloia- it is loaded intcj tip-wagras’and dispatched to 
the nearest washing house and re-introducod iyto the washers. 

Nifro-body .of low Setting point is 'submitted to’a modified’ nitration 
proce^. The ycid charge consists of a mixture of mixed acid (as used for 
the trinitration) aftd sulphuric acid of 94 per cent, strength, the exact pro¬ 
portions* of the two depending upon the gravity of the nitro-body, the 
general practice being to use equal parts of each. The charge of nitro- 
body is 12 cwt. to about 4 tons of combined acids. Nitration is effected in 
a vessel similar in all respects to a trinitrator (page 49), which is fitted with a 
2-way steam-jacketed plug-cock ^tuated 2 ft. 9 in. from the top of the 
vessel. The ^pmperatiire is raised 5°*every 10 minutes to 100° Q. When 
the degired setting point is reached, the charge is cooled and diluted as in 
the ordinary trinitration *process. The stirrer is then stopped, and the 
charge left standing in the vessel for three-quarters (Jf an hour to,separate. 

'j'he TNT is then separated off through the side outlet, and the spent 
acid is "un iiWo a separation vessel in which any TNT which runs off with 
the acid rises to the surfSeje and is skimmed off, thus •enabling the acid to 
be pumped, fairly free from nitro-Jjody, to the spent acid storage tanks. 

, At one tim^ u was*found ativisa^eio.treat the recovared TNT from th^ 
melt vats witk 9I) p&- cent/sfilpljurip acid in the nitrating vessel at the 
recovery ^jlant. Thb product, which was otherwfse vety‘darit, was by thj^ 
ni^ansobtained in a* clear condition and of good colour.^ With thd intro¬ 
duction of the casting method described above, however, the cast blocks of 
TNT were sufficiently pure id be introduced inlti the washers in the washing 
house without furthonjireatment. ‘ , 

Yreatment of material contaminated with TNT.-^Lead scrapjfrom the* 

Y'bIT' «pptirtn IG trpotpd ac-fvtilraire Cn.ns nt tHo _11. t __ 
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the nitrators or detoluators are cOt'into lengths and washed with boiling 
water. They are then utilised as fteam-heatii^ pipes for washjtubs \n tihe 
washing house and elsewhere. The rest of the coils, together with all other 
forms of scrap lead, are cut into convenient lengths and remyjved to the 
lead washing plant. The lead is here loaded into an iron cradle attached 
to an overhead run-'way, ?nd the cradle is dropped into boilii^ wattr fcon- 
tained in a large, iron vesisel. JThc lead is then removed Snd trolleyed to 
the burning ground where it is melted and cast^inlo pigs. 

Iron, aluminium, brass, etc., ’s made to undergo a similar washing treat' 
ment before being re-used or passed as scrap. , , * 

. . EFFLUENT DISPOSAL. 

. ... 

The efHuenl drain, info which are- fed the wrish-waters from tne nitra-, 
tion and washing houses, is constructed of 12-^nch .split popery pipes which. 



are bedded in brickwork, molten sulphur being run into the spaces between 
the pottery sections in order to produce an acid resisting joint. The drain 
has an average fall cf 2 inches in 100 feet length on the TNT section, and 
is broken by two catch pits alongside the recovery plant (Fig. 59). These 
pits hold up any TNT which finds its wa) into the drain, auf* their contents 
are removed at intervals to undergo piinficatjoii in the'recove/y plant. The 
wash-waters, after passing through the catch pits, flow ipto onf of three 
neutralising vats', 20 ft. di<ameter x 6 ft. deep, of 8,000 gallons capacity. 
The contents of the vats are agitated by means of a cast iron propeller 
running at 200 r.p.m.. which causes circulation at the rate of 2,000 gallons 
per minute, so that the total contents of the vats are tu.ned over every four 
ptinutes. Whilst agitation is in progress, milk of lime is run in from a lime 
mixer until the contents of the vat are no longer acid. The neutral effluent 
I is then discharged by means of 4-inch centrifugal pumps into one of three 
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predpitatien Jpnks, 6cfft. long .x 19 ft iltide x 7 ft. deep, each of 40,006 
galloi^ cappcit^. The efifluent, after s^pttling, passes through two sand 
niters and‘flows into a sump whence it is drawn By one of two plunger-pumps 
which discharges it at the rate of aoo gallons per minute throi^h a 6-inch 
•pipe-line to the River Mersey, a distance of several miles. The deposit 
vj^ich hccumuli^tes in thd settling tanka is pumped at •intervals by means’ 
01 a sludge pun^ into a simp adjoining the ^fflue^t plant. , 

STAxisTJCAX. RECORDS. 

• • 

,It,is not intended to give a detailed account here jiff t|jc,syhtem of 
statistical contool in fi^iei^tion at the,factoi^, as this* has aHready been set 
*out at considerable lengthen two prei^us publications^ from H.M. 
Stationery* Office,* in the secqnd of whioir is given a complete set of the 
technical and statistfcal records uSfed at Queen’s Ferry. 

•• A brief reference may be made, however, to life utilisation of such 
records in analysing various phases of the process. ^ Thus, a series of 
sulplftir, carbon, and nitrogeh balances have been systematically drawn up 
with a view to allocating accurately and with'precision the various sources 
of loss of materials.. As "hn example o( this, there is reproduced on die 
following pagp a table showing the distribution of nitrogen in process for the 
period 6 a.m., Augy^ 3rd, 1918, to 6 a.m., August 3T^ of the same year, 
and the salne figures are sett^ut in graphical form in Fig. 60. It will be at 
pnee evjflent thafthc preparation of table* ahd eharts of this kind calls for 
, a ver) careful system of plant control, accurate stocktaTcing, and numerous 
chemiojlt tests', ifrsych records are to be of any real value. In carrying out 
work ofctljis kind many obscure sources of loss are revealed, and it is in the 
following up and investigation of these los.ses that very real benefit to the 
general efficiency of tjie process isaibtaincd. 

» 



Branchf Department of Explosives Supply.” . 

^ “ Report on the Statistical Work of th% P'actories Branch.” 
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.SECTION 

PLANT .AND PROCESS FOR THE MANUFACTURE OF 

2 4 4-DINITR0T0LUE!NE. 

. • 

General. —Tfce manufacture of 2 :* 4 -d^itrot 61 ucnef fbr u^ in the 
pceparation of nitrocellujosej powder, is carried "but at .Qfieen’s Ferr;^ by 
trabting crude mononitrotoluenc with q mixed acid of the same com!f)bsition 
as ihat used /or the mt/noSitration (sec; ^)age 34). 

, Nitrator and subsiAiaor plant det<iil$.- llrt; acid is fed ifrom a storage 
tank into two measuring tankSyplaced outsi^tlie jitrating hoase, each 5 ft. 
diameter x 6ft.*deep. Each,measuring^t is provided with a glass float, 
(see page 31), calibfated in J int'hcs. K nitrating charge of 2.8 tons 
mols. HNO;i) corresponds to 145 marks on flic fiftat, and is run direct 
from the measuring tank to the nitrator (Fi|j. 3). Thfe latter, which is 
similifl in all respect.-, to thaj described on Ptige 31, contains two sets of 
i^inch lead cooling ..oils, siip])orted,by cq^st iron standards (Fig. 4). One 
of the coils may be used alternatively fjjr steam or water. The, cooling 
waftcr which passes through tin* coils is drawn fr«m twft 9 ft. x 30 ft. steel 
trmks, one at an elqyiition of 26 feet to serve the niT?^^4^r«, and one at an 
elevation df 19 fetft to serve The detoluators; .Tcon-stant head is obtained" by 
means qf a float-valve (Waiting inside 4 he tank. The water is drawn 
inrougli the nitrator and detoluator coils by two steam pumps; a horizontal 
steam engine for driving the .shafting, and an air compressor (for delivering 
4CX) cu. /t.^of free air per minute at a pre.ssiire of 45 lb. per square inchl are 
al.so provided. 

The sight-box through whiclt the charge is run. from the nitrator is 
>>imilar to that shown in Fig. 36. It consists of a rectangular cast iron open 
bo.x, 12 in. X S in. x 12 iiij| and gne inch in thicl^ess, provided with a 
2 inch inlet and outlet. I'he .sight-bo.v^is bolted direct to the nitrator, and 
the same bolts ate used to keep in position a renewable ca^t iron v^ve seat. 
The ping is of regulus mcgal, and is attached* to a regulus ispindle with a 
ll-incli iron*corg. The operating goar for the plug is matde up from a 
scrap 3-inch regulus valve. 

Nitration process. —t^e nitration stages are comparable to those 
already described for TNT‘manufacture, and coflsist*oT a djuitratioti stage 
and a dctoluation stage. Tn the l^tt*r the acid resulting frijim the dinitra- 
<ion is washe d i^itij cru^e r'onghjtrotiHiftnF in order to produce a ^lear acid, 
i.e., as free as possibly from solW uitrO-bodies, suitable dclivijiry over a 
lonj distartCfe to the Acids Section. "She nitro-hady (“ acicyijf^T ”) is therf 
used in the dinitratiop. • ^ ^ ^ , I 

When the acid-MNT has/ieen blown ujf from the detoj&ato* into the 
nitrator, the stirrer is .started and the mL^a^ eciA run hi at siich d rate that 
the temperature is bdfW 60° C. when all the acid has hpai!admitted; this 
operation occupies about hours. The charge is now wa|Tned up to 90® C. 
passing stjam through theipteam coil, an^ reqftires i hour fo ri^ to this 
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temperatu|e, at which it is k 4 »t until Ufeiwet’setting point of 5i®-52° C. w 
readied {^d*t | hour). When the chaife has reached 90° C., and after¬ 
wards at mtervals of ^ hoiuf, samples are taken for determining Ae wet 
setting point. The final wet setting point should be approximately 
•5i®-52° C., 8nd this should ensure a diy setting point of 54°-55° C., corre- 
mondiag even^ally to a*dry setting pomt of 65 ®- 68 ° after the product' 
^as been dried acid centrifuged. * * . * * , . # • •' 

The charge fe then cooled to 70° C.,* the\tirref stoppetf, and^the charge 
flowed to stand for at. | hour. After the charge* has ’setded the 
specified time, the once used add i§ separated from the molten* tiinitro- 
toluenes and run thKm^ a 2-inch pipe to' the detoluator, the sejiaration 
being.controlled by means of the small sight-box deserved ^bove. The 
^qnce usdd aciddias th^ol^wing compogitioiy^ • • 4 

• ^ / • Per Cent. 

H»SO, . ... ^. 71.5 

HNO, .. 1.5 

HNO, ... ... .1.0 

« V • • 

Detoluator. —The dctoldator is similar in'all respcct.s to the nitrator. 

• • • 

• 

. Detoluation process. —Crude MNT^s pumoed f|;om the large storage 
tanks at the iftononitration plant to a storage tank, he^ijin^ 60 tons, situated 
(fh the DNT plaptr* It is run by gravity froip this tank'^nto two measuring 
vessels fitted with gauge gflasses, 18 inches op which correspoi^ to the 
detoluator charge of i.i^'tons. The MNX (sp. gr. P.17 at 15° C.) is run 
from tljese tank| into the detoluators through a 2-inch pipe; the stirrer is 
started, and the onfce used acid from the nitrator is run into the MNT charge 
at a temperature of about 65° C. This operation occupies about hour. 
The combined charge is then copied to 25° C., allowed to stand for about 
an hour, and then separated. 

The average compositioi^of the spent acid is :—^ 

Per Cent. 

H2§04 . 72.0 

HNO3 .• ... Trace 

HNOt ., -1.3 

The speijl acid is tun through a .sight-box, similar to that described 
above, into a jead-line’d*^pw-cask, and blown to a spent acid storage tank 
in the mononitration plant,‘from which it gravities to*the storage tanks at 
the denitration plant'on the Apd.s«Se*ction. The acid-MNT is then blown 
• up to the nitra^ar.for the diniiration*ti^ 5 , 

'•Pelletil^ and wtahing.— After the once used, acid Me^een separated 
and ruB*to the detoluator, the molten crude DNT is pelleted in much the 
same manner as that carried (jut for TNT (sihe pa*ge»76), in aTseries of wash 
vats arranged in ca^ade. 

'PelleteT.—T\it pelleter (Fig. 61) consists of a sguare wooden va^ 
I0 ft. 7, in. l(jj^ X 9 ft. 9 in. nfide, of avetagf depth 2 ft. loi *.. arid havJni 
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Pam. f. . Batch.. Date. 

M.N,t! Charge..Ib. O.II.A. Stalled at. 

Stirrer stopped at.....'.. Separation started at. 

> ' ... t. 

finished . . . Total time of on*ratibii.?.. 


Flow of O.U.A. not to be starterl till stirrer is running. Charge io lie heated to 70* C., nuin- 
tained at 70° C. for i hour, then cooled to 25° C. 


Time Period. 


Hr. 

o 


Min. 

o 

'S 

3 ° 

45 

o 

15 

30 

45 

o 

15 

30 

45 

o 

15 

30 

45 
0 ■ 
. 15 
30 


Hr. Min. 


't'e .t|i. nitterved 


Remarks. 


S.C. of Product. 


Ignature. 
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a fall of^ inches tq*the oi 4 iiets. Tireiwat'ts built of 3-inch tbngued ajd 
grooved pine, oolted t^ether, ^ heads being/recessed and wood 
plugs driHren in. Across tire’two comers'on the lower end are fixed ^o 
towellii]g filter cloths, which allow the wash-water to run through but which 
retain thejrellite. A 3-inch regulus metal plug and seating controls the water 
outlet The water is conveyed to the launder by means of 3-inch lead 
|}ipes. The n£<}essary ljeating> and agitation a^e* effected by jp^as of a 
2-inch perforated spiral Ijead coil to which Noth a*r and’stenm, each at 40 lb. 
per sq. inch pressure, afe oonoected. The peHeting is effected by ftieans 
If' two flat jets ‘of water about 3/16 m. thick, one arranged 3 inches below 
the other,^which impinge upon the*descending vertical stream of DNT. 
'^he.pelleter is supplied with cold and hot water. ^ ’ , • * 

In lirder t<) remcVe ^e fumes, tljq,vat i^jAovided at ejcH corner with a 
cover of i^-inch tongued Aid grooved wj||Dd, i« the centre of which is a 
conical i?on hodd from which* a vfnt pipe^ischafges the fumes direct to the • 
atmosphere. All four comers of the v#t are hinged, and may be lifted 
when necessary. The outfet to the next vat cortsisftof a 2-inch earthenware 
coclewith a sleam jacketed 2-«nch pipe. 

• I 

» Pelleting process. —Tlie molten DNT is run by gravity from the 
nitration sight-box Jo tire pelleting vat through a 3-inch steam-jacketed 
pipe, and is pelleted into 6 inches of cold water. The stream of DNT is 
jnet by the fwo jet^of cold water, which causes it To d^yide into numerous 
small particles an:’pellets. • After all the DNT has been pelleted, the acid 
water is allowefl to drairndS through thq tOwei filters^by means of a 3-inch 
lead ^pe to art effluenf launder constructod of acid resisting brick. This 
water>and the.wash waters referred to hereafter, pass down the launder, 
jhrough a labyrinth to allow any DNT to settle out, and finally to an effluent 
pit, where they, together with the wash-waters from the MNT plant, are 
neutralised with limg. • ' ^ 

After receiving’s second wash with a fresh charge of cold water the 
.pelleted DNT is drained, i^id thep melted by meass of hot water from the 
storage tank and the steam coil, after ^hich the mefted DNT is run into the 
first of the three circular lead-lined washing vats situated just below, on the 
second (d the four platfgrms of the washing plant. 

* • • ... * 

^ Lead mash vats. —The 3 wash vats consist of circular vessels of 12 lb. 

lead, supported in skeleton frames of 2-inch pine. Each vat is 8 ft. 6 in. 
diameter x ^ ft. g inrllgh, and is provided with a conical steel fume hood 
made in sections which otc bolted 09 to Iftard-cwverSfl anglp-iron frames, a 
section of which may easily be rpntbved, and one section of which is pro¬ 
vided with ayaptan^lar si^t gl|6S» ‘A vent pipe nfede of 8-inch steel 
piping is attached to each hood, through which all fumes pass direct*to the 
aijposphaae. Th^’tempefatUiC iS, tbamtainefl meafls*oPfi i^-jpch le»fU 
steam ^il placed just pff the floor of the vat, and a coil of*perforated i-j-inch 
lead pipe is also provided*for the purpostfref aif agitation.* Tlje two coils 
run in the form of a flat spiral together to Jhe pfWdle of the vat, where the 
steam coil passes tBf*ugh the bottom to I steam trap, ^hilst the air pipe is 
seiled off. Each of these pipq? is supported about^ inch from the bottofti 
of the vat to allow free pas^ge for the Jyuid. • 

•loigq 
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f Cold water is supplied by & 2-ircu line fros^ the tc^vn supp^, find warm 
water from the thermal storage tanl^n the plant (see page 40). „ 

■ Washing process.—The wash wateri^ are syphoned off by two 2-inch 
lead pipes which are set at a predetermined height from the bdttom of the 
rat, this height depending oh the bulk of the DNT charge. The syplioi|.: 
is startec^ bw a. full supply !pf cold water beilig turned through the long amt 
of the syphon. To'prevdnt DJ^T being drawn up with thfi water, a hori¬ 
zontal flat lead plUte is fixed i inch below the ifilet of the syphon. 

WhAv the enude liquid DNI' charge has been run into the first wash 
vat it has lost during pelleting, oold washing, and mtlting in -hot water, 
between So and 90 per ce^it. of its acidity. 'I'he chame is next heated up 
with water from t;^e hot water k^rage tapk, and wellji^ated far five-minutes, 
with air, after which it is alloweS-to settle for a 5 ew minutes, the wash water 
syphoned off and the DNT-run idi;e frc.sh hot water in the .second wash vat, 
vmere the process's repeated. Mf the DNT should still be slightly acid 
after the second wa.'^h, as shown by e.xamination of the wash water, the wateV 
is syphoned.off and another wash is given in the same manner, fresh water 
being obtained from tne storage tank. 

A sample of DNT is then sent to the laboratory where it is tested foi 
acidity, which should not at this stage exceed 0.02 per cent, calculated as 
H,SO,. 

The washed DN.T is next run into the third washer, which is used partly 
as a storage tank and partly as-a preliminary drier, where i>.awakt removal 
to the drier's. “ . , -1 

Filtration and drying.—The washed and pariially dried DNT % next 
pumped by means of a 2-inch centrifugal pumj) (driven by a 5 h.p,' motor) 
through a 2-inch steam-jacketed line to the filter, from which it gravitates 
to two cast iron tanks, 7 ft. diameter x 2 fi. 0 in. deep^ fitted with one flat 
coil and one helical coil for heating the charge. 

The filter consists of a mild steel steam-heat.?d vessel, 4 ft. h in. deej) x 
4 ft. 6 in. diameter. The filtration js effected by means of a perforated 
cast iron plate covered with felt. From the filter the DNT'is run to the 
driers, which are maintained at a temperature of '-bout 80° C. h iiample 
is taken and tested m the laboratorj- for volatile matter, which must be below 
0.25 per cent The DNT is then run through a 3-inch .steam-jacketed cock 
into the cry.stalli.sers. - . 

Crystallisation.— ine crystal Users# (Fig. (12) cemsist of two pitch pine 
vats, 6 ft. 3 in. diameter x 2 ft. 9 in. debp. x 3 in. thick.' Each is provided 
with stirring gear consisting of a 3^-i..d)» diameter .stce-J shafts'on which are 
keyed couplings to which are bolted thicevasc iron arms. The.se arms may 

fitted at any'smgle and raised or lowered as requiredp *' ■'' 

• The'^stirring gear is driven by a 10 h.p. motor running at 955'r.p.m. 

, The motor pulley is n^^inches in diameter, and drives a 40-inch diameter 
pulley fixed to a horizontal . countershaft. To the lattgr are attached two 
12-inch pulleys which drive the crystallisers by meads of two 48-inch fast 
aad loose pulleys operating bevCl wheels with 14 and 51 teeth respectively; 
the spee.d(pf tie stirrer i.s ly r.p..ip. The norrial charge for e.'‘ch crystal- 
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is allbut ton%of cr 4 ie DNT^^ctfis run in at a temperature 
Vpp^pximatdly 55° C. The tj^arge is avowed to crystallise with continued 
stirring fof about 36 hours,nhe period varying according to the season of 
the year. When die temperature of the charge has fallen to 30°-35° C., 
»and.it is afl in the form of £ne dry crystals,^ the contents are discharged 
Wttough a ca^ yon dooj, inches square, mtq a wtioden laurfder, 9 in? 

X 8 in. dtep, which feed^the cadtrifuees. f 

Centrifuging.—The, centrifuging is effected by meai^ of’two 48-inch 
Water driven hydro-extractors. . Thf water is pumped fftim a ififld steel 
tank, 6 fu diamcte** x *5 ft. high, by a* steam pump; lihe water pressure 
required is 200 lb. square inch. * The chargq of crj/de for each 

i:entrifTif[e is »,txx) IBP, ai^d this is wly^^ed fo5-30*minMtes, (firing which time 
^nearly a!j the ojls of low iffeUing-point ar^ removed, leaving almost pure 
2 : 4-dinitrotoluene. These^ils, jvhich oiinsist of approximately 49 per cer\t. 
of 2 :^-EWT, 37 pbr cent.jif 2 :T)-DNTf 7 per cent. of,other isomers, and 
T^r cent, (jf MNT, flow away from the extractor# through a gutter’to a 
milcfsteel tank. The latter is fitted-with ^ steam coil st) that the oils may 
he k?pt in a fluid state whils| being pumpedway to Ihe storage tanks. Hot 
MNT is pumped ftlong the line after ejeh batch of DN'i' oils has been 
pam})ed away, in order t(f prevent any solidification takiqg place in the pipe 
line. The ^ils, which amount to about 46 par cent, of the crude DNT 
charged to the cejjji^ifuge. arc delivered through a*2-inA line to the MN'I' 
storage t 3 ^s, vu^-e they iffix with MNT to be used ffirTNT manufarture 
.» li^jrder to^prevont,the copper gauzt lmiri|f and J:he outer case of the 
centri^ge from clogging with solidified DN'I', it is washed down with warm 
MN'f^eforf; tHfe ititroduction of a fresh batch, the centrifuge being allowed 
<0 rotat<i during this operation. 'I'he MNT for this purpose is stored in a 
mil(f-6te^ tank situated on the girders which sujiport the crystalliser 
gearing. ‘ 

The general arrangcmei.t of the drying and cry.stallisation plant is shown 
"in Fig. 63. 


Sp^ification.*—'I'he 2 : 4-DN'r If'ft in the centrifuge consist.-* of a pale 
yellow hnaly irystaljine ^bstance, which should conform with the following 
specification 


T. 'lihe matqjjlj is to be in the foim of a light yellow cry.stalline 
powder free from m(»^hanical impufhi^ 


2. It i . to be of such finpnftss that at least 95 per cent, will pass 
through ^.si^-ve yt 20 m^fic.s jjrrJiiteal inch. • 

3-«When heated to* icfo° t't*t should,ni#lt to « srauanarent vellow 
liquid. 

• ^ m 

4. The crystallising point is not to tie belftw^5.5° C.» 

5. The vola^ matter as detenH!»dd,bt*the Toss in weight at 60° C. 
• is notJgjBiiceed a25 per cent. 

6,. The residue on ignition is nqt Jp pxceed o.ofi peBtoentil 
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7. The material insoltA»le m*benzene i/^not tc^e*ceea o.m},per c^i. 

8. The acidity, calculated %s sulphuric ^cid, is not to ^jx^afeed 0.00^ 

per cent. * ^ . 

t c> * 

Packing.—The 2 :4-DNT is weighed dii.|ct from the centrifuges into • 
iners which are psfcked^ wooden boxes similar ■lo those used for TNT/^ 
iach Bdj bold^ 40 lb- ofT^NT, go boxes making one Lot, t.A, ohe short tow -'' 

• r 

Aver* ge laboratory figures for f,mkked product :— 

' Dry setting point .< •... 67.7®C. 

.Volatile^natter ... ... ... 0.02/per cent; 

Insor’uble in benzene ... ... ' o.o^p per cent. 

Acidity .1. ... ... ^ (>.003 pet tent. 

Sulphated ash ' ... .. ...., 0.013 per cent. 


Ihloted Hu ^Ajrsrv'g STATioMnv OwicE. 










